In these revised guidelines, we expanded recommendations for diagnosing and managing early coccidioidal infections, which are more common clinical presentations than the various pulmonary and extrapulmonary complications. We also expanded the management of coccidioidal meningitis (CM) as a sequence of actionable recommendations. In this revision, recommendations were made regarding both cardiothoracic surgical and neurosurgical approach for complications that benefit from surgical support. Management of coccidioidomycosis in specific at-risk groups such as those with human immunodeficiency virus (HIV)/AIDS, solid organ transplants, and pregnancy are addressed specifically. Finally, there is a section that provides guidance on managing laboratory accidents. The panel followed a process used in the development of other Infectious Diseases Society of America (IDSA) guidelines, which included a systematic weighting of the strength of recommendation and quality of evidence using the GRADE (Grading of Recommendations Assessment, Development and Evaluation) system ( Figure 1 ) [1] [2] [3] [4] . A detailed description of the methods, background, and evidence summaries that support each of the recommendations can be found in the full text of the guidelines.
We recommend initiating antifungal treatment for patients
who, at the time of diagnosis, have significantly debilitating illness (strong, low). 3. For patients at the time of diagnosis with extensive pulmonary involvement, with concurrent diabetes, or who are otherwise frail because of age or comorbidities, we recommend initiating antifungal treatment. Some experts would also include African or Filipino ancestry as indications for treatment (strong, low). 4. If treatment is begun in nonpregnant adults, the treatment should be an orally absorbed azole antifungal (eg, fluconazole) at a daily dose of ≥400 mg (strong, low). . Once there is confirmation that a pulmonary nodule is due to coccidioidomycosis, we recommend no antifungal treatment for an asymptomatic pulmonary nodule due to coccidioidomycosis (strong, very low).
IV. For Patients Who Have an Asymptomatic Coccidioidal Cavity and
Without an Immunosuppressing Condition, Should an Antifungal Drug Be Used?
Recommendation

7.
We recommend against the use of antifungal therapy for patients with an asymptomatic cavity (strong, low). oral agent such as fluconazole or itraconazole (strong, moderate).
VI. In Patients With Symptomatic Cavitary Coccidioidal Pneumonia, Should the Infection Be Removed Surgically?
Recommendation 9. We recommend that surgical options be explored when the cavities are persistently symptomatic despite antifungal treatment. We recommend that surgical options be considered when cavities have been present for more than 2 years and if symptoms recur whenever antifungal treatment is stopped (strong, very low).
VII. In Patients for Whom Cavitary Coccidioidal Pneumonia Is Going to
Be Surgically Managed, Should This Be Done by Video-Assisted Thoracoscopic Surgery or Open Thoracotomy?
Recommendation 10. We recommend that when surgical management of cavitary coccidioidal pneumonia is undertaken, a video-assisted thoracoscopic surgery (VATS) approach be attempted if the surgeon has significant expertise in VATS (strong, low).
VIII. In Patients With a Ruptured Coccidioidal Cavity, Should This Be Managed With Chest Tubes or With Surgical Excision of the Ruptured Cavity?
Recommendation 11. For patients with ruptured coccidioidal cavity, we recommend prompt decortication and resection of the cavity, if possible (strong, very low). If the pleural space is massively contaminated, decortications combined with prolonged chest tube drainage may be more appropriate (weak, very low).
IX. For Patients With Ruptured Coccidioidal Cavities, Is an Oral Azole or Intravenous AmB the Preferred Method of Antifungal Treatment?
Recommendation 12. For patients with ruptured coccidioidal cavities, oral azole therapy is recommended. For patients who do not tolerate oral azole therapy or patients whose disease requires 2 or more surgical procedures for control, intravenous AmB is recommended (strong, very low).
X. For Patients With Extrapulmonary Soft Tissue Coccidioidomycosis, Not Associated With Bone Infection, Is Antifungal Therapy Indicated?
Recommendations
13
. We recommend antifungal therapy in all cases of extrapulmonary soft tissue coccidioidomycosis (strong, moderate). 14. We recommend oral azoles, in particular fluconazole or itraconazole, for first-line therapy of extrapulmonary soft tissue coccidioidomycosis (strong, moderate).
15. We recommend intravenous AmB in cases of azole failure, particularly in coccidioidal synovitis (strong, moderate). 
18
. We recommend surgical consultation for all patients with vertebral coccidioidal infection to assist in assessing the need for surgical intervention (strong, low).
Surgical procedures are recommended in addition to
antifungal drugs for patients with bony lesions that produce spinal instability, spinal cord or nerve root compression, or significant sequestered paraspinal abscess [5] (strong, low). 20. We recommend that surgical consultation be obtained periodically during the course of medical treatment (strong, low).
XIII. In Patients With Newly Diagnosed Coccidioidal Infection, Should a Lumbar Puncture Be Performed?
Recommendation 21. In patients with recently diagnosed coccidioidal infection, we recommend lumbar puncture with cerebrospinal fluid analysis only in patients with unusual, worsening, or persistent headache, with altered mental status, unexplained nausea or vomiting, or new focal neurologic deficit after adequate imaging of the central nervous system (CNS) (strong, moderate).
XIV. For Patients With Newly Diagnosed CM, What Is the Primary Treatment?
Recommendation 22. For CM, we recommend fluconazole 400-1200 mg orally daily as initial therapy for most patients with normal renal function (strong, moderate). There is no role for a dose <400 mg daily in the adult patient without substantial renal impairment. Some experts prefer to use itraconazole 200 mg 2-4 times daily, but this requires closer monitoring to assure adequate absorption, and there are more drug-drug interactions than with fluconazole. 
27
. We recommend that patients with ventriculoperitoneal shunt malfunction have the revision performed in a single procedure (strong, low). When the shunt has developed a bacterial or other superinfection, we recommend that the infected shunt be removed and a replacement be placed at a subsequent time as a second procedure (strong, low). 
29.
For the treatment of autologous or allogeneic HSCT or solid organ transplant recipients with acute or chronic pulmonary coccidioidomycosis who are clinically stable and have normal renal function, we recommend initiating treatment with fluconazole 400 mg daily or the equivalent dose based upon renal function (strong, low). 30. For the treatment of patients with very severe and/or rapidly progressing acute pulmonary or disseminated coccidioidomycosis, we recommend the use of AmB until the patient has stabilized, followed by fluconazole (strong, low). 31. For autologous or allogeneic HSCT or solid organ transplant recipients with extrapulmonary coccidioidomycosis, we recommend the same treatment as for non-transplant recipients (strong, very low).
XXI. In Such Patients, Should Antirejection Treatment Be Modified or Continued Without Change?
Recommendation 32. For allogeneic HSCT or solid organ transplant recipients with severe or rapidly progressing coccidioidomycosis, we recommend reduction of immunosuppression (without risking graft-vs-host disease or organ rejection, respectively, whenever possible) until the infection has begun to improve (strong, very low). 
34
. We recommend oral azole therapy for these patients unless their coccidioidomycosis is severe enough that intravenous AmB would otherwise be recommended (refer to sections on pneumonia, soft tissue dissemination, skeletal dissemination, and meningitis) (strong, low).
XXIV. What Is the Preferred Method for Management of Pregnant Women With Coccidioidomycosis and Their Neonates?
Recommendations During Pregnancy 35. The development of symptomatic coccidioidomycosis during pregnancy should prompt consideration of starting administration of antifungal therapy (strong, moderate). For women who develop initial nonmeningeal coccidioidal infection during pregnancy, their management depends on fetal maturity. 36. For women who develop initial nonmeningeal coccidioidal infection during their first trimester of pregnancy, intravenous AmB is recommended (strong, moderate). Other options include no therapy with close monitoring (weak, low), or an azole antifungal after educating the mother regarding potential teratogenicity (weak, low). After the first trimester of pregnancy, an azole antifungal, such fluconazole or itraconazole, can be considered (strong, low). A final alternative would be to administer intravenous AmB throughout pregnancy (weak, moderate). 37. For women who develop CM during the first trimester of pregnancy, intrathecal AmB is recommended (strong, moderate). After the first trimester and in cases where disease is diagnosed after the first trimester, an azole antifungal, such as fluconazole or itraconazole, can be prescribed (strong, low). 38. Among women with a history of prior coccidioidomycosis who are not currently on therapy, the risk of reactivation is low and antifungal therapy is not recommended (strong, moderate). For such women, close follow-up, including obtaining coccidioidal serologic testing at the initial visit and every 6-12 weeks throughout pregnancy, should be performed (strong, moderate). 39. For women with nonmeningeal coccidioidomycosis on antifungal therapy who become pregnant while infection is in remission, azole antifungal therapy may be discontinued with clinical and serological monitoring every 4-6 weeks to assess for reactivation (weak, low). An alternative to this, especially if the coccidioidal infection is not clearly in remission, is to stop azole antifungal therapy and start intravenous AmB during the first trimester, changing back to an azole antifungal after the first trimester (strong, low). 40. For the pregnant woman with CM who is on azole antifungal therapy at the time of pregnancy, azole therapy should be stopped for the first trimester to avoid the risk of teratogenicity (strong, moderate). During this period, one approach is to initiate intrathecal AmB, especially if meningeal signs and symptoms are present (strong, moderate). Azole antifungal therapy may then be restarted during the second trimester (weak, low) or intrathecal AmB continued throughout gestation (weak, low). An alternative is to continue azole antifungal therapy throughout gestation provided that the mother agrees to this approach after being educated regarding the risks and benefits of this strategy (weak, low). A final alternative for the pregnant woman with CM is to stop the azole antifungal, monitor the patient closely during the first trimester, and restart azole antifungal therapy during the second or third trimester (weak, very low). Because of the risk of relapse with this approach, some experts do not recommend it. 41. The development of a febrile pulmonary illness during pregnancy in a woman residing in the coccidioidal endemic region or with an appropriate travel history should be evaluated for active coccidioidomycosis, including obtaining a chest radiograph and coccidioidal serology and cultures (strong, moderate). is not recommended (strong, moderate). 51. Although data are lacking, pediatric patients with HIV infection and coccidioidomycosis should be managed in a manner similar to adult patients (strong, very low).
52. Initiation of potent antiretroviral therapy (ART) should not be delayed because of the concern about coccidioidal immune reconstitution inflammatory syndrome (strong, low). [6] , indicating that exposure may occasionally also occur elsewhere in the Western United States. However, for patients with recent endemic exposure, coccidioidomycosis often should be included as a possible cause of a newly developed community-acquired pneumonia and several other syndromes. We emphasize that obtaining a history of residence or travel to an endemic area is critical to early diagnosis of this infection. Approximate annual statistics for the clinical spectrum of illness following coccidioidal infection in the United States are represented in Figure 2 . Of the estimated 150 000 infections that occur annually, 50 000 likely produce an illness warranting medical attention, 10 000-20 000 of these are diagnosed and reported, 2000-3000 produce pulmonary sequelae, 600-1000 spread hematogenously from the lungs to other parts of the body (disseminated infection), and 160 result in death [7] . From 1998 to 2011, cases reported from endemic states have risen 10-fold as a result of several factors [8] . In addition to this overall trend there is considerable year-to-year variation due to climatic conditions [9] . The most common syndrome to come to medical attention is a community-acquired pneumonia (CAP), often associated with a variety of rheumatologic, cutaneous, or systemic complaints [10] . Because similar presentations occur with many other diseases, identifying Coccidioides infection as the etiology is critically dependent upon laboratory confirmation. For this reason, we have included in this document recommendations for use of the currently available diagnostic methods with estimates of their strengths and limitations. Also, with such a broad spectrum of disease severity, these treatment guidelines have been arranged to propose management in the context of each of several clinical presentations.
RECOMMENDATIONS FOR PREEMPTIVE STRATEGIES FOR COCCIDIOIDOMYCOSIS IN SPECIAL AT-RISK POPULATIONS
Differences in disease severity are thought to be predominantly the consequence of differences in the immunologic responses to infection among individuals. This is very clear when coccidioidal infection occurs in patients who also have diseases or therapies that suppress cellular immunity [11] [12] [13] [14] . Recently, a small number of patients have been identified with specific gene mutations that alter immunologic responses involving interferon-γ, interleukin 12 (IL-12), and other cellular immune pathways that appear to be responsible for their progressive coccidioidal infections [15] [16] [17] [18] . In such patients, the risk of disseminated infection can be as high as 75% [11] , a striking increase from what would ordinarily be approximately a 1% risk. Also, coccidioidomycosis first diagnosed during pregnancy raises specific issues that do not exist in other situations [19] . In these guidelines, we have developed separate sections for managing patients in these special groups. Other factors thought to somewhat increase risk of disseminated infection include ancestry (especially African and Filipino) and male sex. Diabetic patients appear more prone to pulmonary complications. Although thought to be significant, male sex, ancestry, and diabetes do not carry nearly the same degree of heightened risk, only modestly should influence management decisions, and have not been handled separately in these guidelines.
With these considerations in mind, we have organized this treatment guideline for the management of coccidioidomycosis as follows:
• Information about selecting patients for coccidioidal testing and if the diagnosis is established evaluating patients further for the extent of disease. We have included this section as a convenience for those readers whose normal practices do not commonly encounter coccidioidomycosis. There are no explicit recommendations in this section.
• Management of patients with coccidioidomycosis and without overt immunosuppressing conditions.
• Management of patients with coccidioidomycosis in special at-risk populations.
• Preemptive strategies for coccidioidomycosis in special atrisk populations.
• Management of laboratory exposures. This section is an updated summary of previously published recommendations [20] and contains no explicit recommendations other than the text itself.
The following clinical questions are addressed:
I. In which patients with newly diagnosed, uncomplicated coccidioidal pneumonia should antifungal drug therapy be started? II. In patients with newly diagnosed, uncomplicated coccidioidal pneumonia, how should health education and physical therapy reconditioning programs be incorporated into the management program of uncomplicated coccidioidal pneumonia? III. For patients with primary pulmonary coccidioidomycosis with an asymptomatic pulmonary nodule, and no overt immunosuppressing conditions, which treatment strategy is preferred: antifungal treatment with oral azole, or observation without antifungal treatment? IV. For patients who have an asymptomatic coccidioidal cavity and without an immunosuppressing condition, should an antifungal drug be used? V. For patients with symptomatic chronic cavitary coccidioidal pneumonia, should an oral azole such as fluconazole or intravenous AmB be used? Coccidioidomycosis is an orphan disease. Although very common in certain regional areas, its overall impact nationally and internationally is limited. As a consequence, the medical literature that specifically addresses management of coccidioidal infections is limited and to a large extent relies on the observations and uncontrolled experience of clinicians who practice in the regions endemic for the illness. The panel first developed an overall guideline structure to address informational questions, management of patients without special circumstances, management of special at-risk patients, and special situations in which preemptive management is advised. Within this structure, a series of specific actionable questions were composed and each was assigned to a primary and secondary author to prepare initial drafts of recommendations and the basis for the recommendation. The literature review for the initial draft was the responsibility of the primary and secondary authors for each section, and eventual literature review was the responsibility of the entire panel. The evidence evaluation process was based on the IDSA Handbook on Clinical Practice Guideline Development, which involves a systematic weighting of the quality of evidence and the grade of recommendation using the GRADE system ( Figure 1 ) [1] [2] [3] [4] 22] .
Drafts were circulated within the panel for commentary and discussed on 7 occasions prior to January 2014 by teleconference and once at an in-person meeting. Two drafts of the resulting document were recirculated to the panel and subsequent revisions were made. Formal feedback from 3 external peer reviewers and endorsing organizations was obtained and used to modify the document. The guideline was endorsed by the ISHLT. The guideline was also reviewed and approved by the IDSA SPGC and the IDSA Board of Directors.
Guidelines and Conflicts of Interest
All panel members complied with IDSA policy on conflicts of interest, which requires disclosure of any financial or other interest that might be construed as constituting an actual, potential, or apparent conflict. They were provided IDSA's conflicts of interest disclosure statement and asked to identify ties to companies developing products that might be affected by promulgation of the guideline. Information was requested regarding employment, consultancies, stock ownership, honoraria, research funding, expert testimony, and membership on company advisory committees. The panel decided on a case-bycase basis whether conflict should limit member participation. Potential conflicts are listed in the Notes section at the end of the text.
Revision Dates
At annual intervals, the panel chair, SPGC liaison advisor, and SPGC chair will determine the need for guideline revisions by reviewing current literature. If necessary, the entire panel will be reconvened. When appropriate, the panel will recommend revisions to the IDSA SPGC, Board of Directors, and other collaborating organizations for review and approval. Coccidioides species are dimorphic fungi that are the cause of coccidioidomycosis. In the environment, they grow as mycelia and produce single-cell arthroconidia. After mammalian infection, arthroconidia transform into spherules. If infected material is cultured, spherules revert back to mycelial growth.
Virtually all coccidioidal infections are initiated by inhalation of an arthroconidium, the airborne single-cell spore arising from mycelial growth in an endemic area, and the most common initial syndrome is that of a respiratory illness [23] . Two small prospective studies from separate urban areas within endemic regions of Arizona together demonstrated that coccidioidal infection accounted for 24% of newly diagnosed CAP in ambulatory patients [24, 25] . Signs and symptoms of coccidioidal CAP were similar to those experienced by patients with other causes of pneumonia. Presumably, travelers who develop CAP within a month of visiting an endemic region would have the same likelihood that the illness was coccidioidomycosis.
In some patients with early coccidioidal infection, dermatologic or rheumatologic complaints may dominate their illness. Both erythema nodosum and erythema multiforme occur in coccidioidomycosis. Rheumatologic complaints are typically arthralgias of multiple joints, generally symmetrical, more of the distal lower extremities, and almost never associated with detectable joint effusions. As with CAP, these syndromes should be evaluated for coccidioidal infection in patients who develop such complaints within a month of endemic exposure.
In addition to respiratory, dermatologic, and rheumatologic signs and symptoms, patients with recently acquired coccidioidal infection may experience fever, drenching night sweats, and weight loss. Often the most striking systemic symptom is that of extreme fatigue that frequently interferes with or prevents a normal work schedule and activities of daily living. Fatigue may be the last complaint to resolve and results in many weeks to many months of convalescence. Although patients with deficiencies in cellular immunity are especially susceptible to severe coccidioidomycosis including dissemination [11] [12] [13] [14] , most patients with coccidioidal lesions outside of the lungs have no identified immune deficiencies. Evidence for this is found in numerous clinical trials where a large majority of subjects with disseminated infection were not immunosuppressed [26] [27] [28] [29] [30] [31] [32] [33] [34] . Typically, extrapulmonary lesions are focal areas of tissue destruction that result from the acute inflammatory response engendered by actively rupturing spherules [35, 36] . These lesions are distinct from the skin rashes and joint manifestations of the early infection that do not contain viable fungal elements and do not cause permanent tissue damage. The signs and symptoms of disseminated coccidioidal lesions vary widely depending upon their location. Importantly, pulmonary symptoms or radiographic abnormalities may be minimal or completely absent. Chronic skin ulceration or subcutaneous abscesses are the consequence of cutaneous and soft tissue dissemination. Headache and focal skeletal pain are common with CM or osteomyelitis, respectively. Although such lesions may wax and wane over many months and even years, they usually are progressive and seldom resolve completely without medical intervention. Tissue-destructive lesions are nearly always readily evident from focal signs and symptoms in patients with disseminated infection, and their absence is strong evidence that disseminated infection is not present.
What Time
The usual incubation period for early coccidioidal syndromes is from 1 week to 4 weeks. Patients with CAP, dermatologic syndromes, or rheumatologic syndromes described above and who have endemic exposure within the previous 1-2 months should be evaluated for coccidioidomycosis as a possible etiology.
Hematogenous spread beyond the lungs normally occurs within weeks to several months following infection. Exceptions to this estimate are immunosuppressed patients with more remote prior exposure [37] or patients who have previously been treated with an antifungal drug for primary pulmonary infection in whom relapses occurred up to 4 years after treatment had been stopped [38, 39] . [40, 41] . For this reason, EIA testing is often used for initial screening. A recent multicenter investigation using EIA to test specimens from individuals with documented coccidioidomycosis and controls without the disease in multiple laboratories demonstrated varying sensitivities and specificities of the EIA test, depending on the test kit brand and the laboratory performing the test [42] . Most sera that are positive by either IDTP or IDCF will also be positive by EIAs, but sera that are EIA positive are not always confirmed by the standard tests, even in patients who do have early coccidioidal infections [43] . A positive EIA IgM test, when it is the only positive serologic test result, is the least compelling diagnostic evidence and in some patients may be a false-positive finding [44] . Repeated testing for anticoccidioidal antibodies over subsequent weeks often resolves these discrepancies and improves the certainty of a coccidioidal diagnosis.
Any positive test result for anticoccidioidal antibodies is usually associated with a recent or active coccidioidal infection. This is true for tests that detect either IgG and IgM antibodies as in most patients these tests return to negative as the infection resolves [45, 46] . This interpretation differs from that of serologic tests for many other types of infection where diagnostic IgG antibodies often are detectable for life. In contrast, an important limitation of all coccidioidal serologic tests is that they may be negative and even persistently negative despite an early coccidioidal infection being present.
An alternative approach to diagnosing early coccidioidal infection is to isolate the fungus in culture. In many patients with early infection, a positive culture may be the only means of establishing a diagnosis as serologic evidence may take weeks and even months to develop. However, in patients sufficiently ill to warrant hospitalization and those in whom serologic diagnosis cannot be obtained, culture of sputum or bronchoscopic specimens may provide a more rapid or sometimes the only means of diagnosis. Polymerase chain reaction for coccidioidal DNA and detection of coccidioidal antigen are other but less frequently utilized approaches [47] [48] [49] . Coccidioidal antigen in urine or serum is typically only positive in patients with extensive infections. Recent studies of coccidioidal antigen in cerebrospinal fluid (CSF) suggest it may be a very sensitive biomarker in patients with CM [50] . Previously, handling and control of coccidioidal cultures was regulated by the Centers for Diseases Control and Prevention as a select agent, but since December 2012 that is no longer the case [51] . Patients who have already developed extrapulmonary coccidioidal lesions nearly always exhibit anticoccidioidal antibodies in their serum, regardless of whether tested by EIA for IgG or by IDCF [45] . Significant exceptions to this rule occur in immunosuppressed patients [12] . Groups of patients with disseminated infection have generally higher titers of complement-fixing (CF) antibodies than do those with infection confined to the lungs. However, this relationship does not hold for all patients with disseminated infection, and patients without disseminated infection, particularly those with pleural involvement, occasionally exhibit unexpectedly high CF antibody titers. Because of this variability, the diagnosis or lack of diagnosis of disseminated coccidioidal infection that is based solely on CF antibody titers is tenuous at best.
The diagnosis of disseminated coccidioidomycosis should usually rely on the histopathologic identification in or fungal isolation from an extrapulmonary lesion. Needle aspiration has been a very valuable approach. One common exception is the diagnosis of CM as discussed later (see section XIII). Another possible exception is if the risks of obtaining tissue for histology or culture from a destructive extrapulmonary lesion are prohibitive. However, in most cases, direct sampling of 1 or more extrapulmonary lesions is justified because of the implications that this diagnosis has for future management. When extrapulmonary dissemination of infection occurs, fungal proliferation at the site produces local inflammation that results in signs and symptoms referable to that site. A careful review of systems and physical examination is essential. If these do not identify focal extrapulmonary problems, routine screening imaging studies, such as bone surveys, radionuclide bone scans, or whole-body computed tomography (CT) or MRI, are usually unnecessary to fully assess extent of disease. In particular, lumbar punctures are unnecessary in most patients without signs or symptoms of CNS involvement [52] . In contrast, if history or physical examination identifies 1 or more specific anatomic areas of potential concern, further imaging studies appropriate for that area are warranted.
What Host Factors Identify Patients as Especially at Risk of Complications?
Several host circumstances may increase the risk of severe or extrapulmonary coccidioidal illness, and therefore warrant antifungal therapy. These situations include concurrent immunosuppression such as high-dose corticosteroids (eg, prednisone doses of ≥20 mg/day for 2 or more weeks), antirejection treatment for organ transplantation, or inhibitors of tumor necrosis factors (TNFs), and HIV infection or other comorbid illnesses that impair cellular immunity [11] [12] [13] [14] . Pregnancy, especially the third trimester, has also been identified as a risk [19] (See section XXIV).
RECOMMENDATIONS FOR MANAGEMENT OF COCCIDIOIDOMYCOSIS IN PATIENTS WITHOUT OVERT IMMUNOSUPPRESSING CONDITIONS
I. In Which Patients With Newly Diagnosed, Uncomplicated Coccidioidal Pneumonia Should Antifungal Drug Therapy Be Started? Recommendations 1. We recommend patient education, close observation, and supportive measures such as reconditioning physical therapy for patients who appear to have mild or nondebilitating symptoms, or who have substantially improved or resolved their clinical illness by the time of diagnosis (strong, low). 2. We recommend initiating antifungal treatment for patients who, at the time of diagnosis, have significantly debilitating illness (strong, low). 3. For patients at the time of diagnosis with extensive pulmonary involvement, with concurrent diabetes, or who are otherwise frail because of age or comorbidities, we recommend initiating antifungal treatment. Some experts would also include African or Filipino ancestry as indications for treatment (strong, low). 4. If treatment is begun in nonpregnant adults, the treatment should be an orally absorbed azole antifungal (eg, fluconazole) at a daily dose of ≥400 mg (strong, low).
Evidence Summary
Most patients with coccidioidal pneumonia who are not immunosuppressed will resolve their illness without antifungal therapy. This observation was quantified in 1938 when a survey of 125 physicians practicing in the San Joaquin Valley of California was conducted. Seventy-five physicians responded and provided information on 354 patients with "Valley fever" ( primary pulmonary coccidioidomycosis). Among the 354 patients, 325 (92%) recovered without complication. Twenty-eight had no outcome specified, and 1 had fatal CM [53] . At that time, no effective antifungal treatment was available. Expert practitioners over the course of decades have indicated good outcomes for the vast majority of patients with uncomplicated coccidioidal pneumonia who did not receive antifungal treatment [54, 55] and have thus recommended no antifungal for such patients [56] [57] [58] [59] [60] [61] . When AmB was found to be useful for the treatment of chronic or extra pulmonary coccidioidomycosis, its adverse effects were considered too great for the treatment of all but the severe primary coccidioidal infections [57, 58, 62] . Therefore, for years prior to the discovery of oral azole antifungal treatment, the standard approach to primary coccidioidomycosis remained observation alone. The azoles represented the first effective antifungal treatment to be orally available and well tolerated, and were found to be effective in chronic pulmonary and disseminated coccidioidomycosis [62] . Because of the relative safety, ease of use, and efficacy of azole drugs in treating patients who clearly benefited from antifungal treatment, medical practitioners within the endemic regions have gradually incorporated azole use in the management of primary coccidioidomycosis, despite the absence of any clinical trials assessing their value. It should be emphasized that no randomized trials exist to assess whether antifungal treatment either shortens the illness of early uncomplicated coccidioidal infections or prevents later complications. If in fact azole antifungals are useful in the management of uncomplicated coccidioidal infection, the optimal dose or duration of such treatment has not been established.
An observational study at a single university-affiliated Veterans Administration medical center compared the outcome of 105 patients with early coccidioidal infections when treated (n = 54) or not treated (n = 51) with fluconazole [38] . The 2 groups appeared to have equivalent profiles of concurrent comorbidities (such as diabetes, chronic lung disease, congestive heart failure, and renal dysfunction), but the groups differed in that those who received treatment had more signs and symptoms of active infection than the untreated group. The time to at least 50% symptom improvement was not different for those with adequate prospective follow-up (95 days in the treated group vs 98 days in the untreated group; P = .899). None of the 50 untreated patients had progressive, recurrent, or disseminated infection, whereas among the 54 treated patients, 8 had documented recurrence of pulmonary symptoms, or extrapulmonary complications after antifungal treatment was discontinued. In 1 patient, meningitis developed 2 years after discontinuation of fluconazole, suggesting that antifungal treatment does not prevent dissemination. A second prospective observational study of coccidioidal symptoms was conducted in otherwise healthy adults with mild to moderate primary pulmonary coccidioidomycosis. Twenty of 36 (56%) received antifungal treatment and 16 of 36 (44%) received no antifungal treatment; all were closely observed. The treated group had a higher symptom score at enrollment than the untreated group. The treated group did not reach primary (50% drop in symptom score) or secondary endpoints (time to symptom and fatigue resolution, and resumption of normal activities and full-time work) faster than the untreated group [63] .
In a recent report, patients with an anticoccidioidal IgM response as detected by an immunodiffusion assay but without a subsequent immunodiffusion IgG response were significantly more likely to have been treated early (within 2 weeks of onset of symptoms) than patients who did develop an IgG response [64] . These observations raise speculation that early treatment of coccidioidal infection might alter the normal protective immune response characteristic of untreated coccidioidal infection. Given these uncertainties, the decision whether to initiate antifungal drug therapy for uncomplicated coccidioidal pneumonia is highly individualized, and may depend on the severity of coccidioidal illness and the presence of certain host factors.
One factor that influences the decision to treat primary pulmonary coccidioidomycosis is the severity of the infection. The distinction of mild vs moderate infection is not well defined. An illness requiring hospitalization [65, 66] (whether due to severe coccidioidal symptoms or the exacerbation of other comorbidities due to active coccidioidal infection) is sufficient evidence of severity to warrant treatment (expert opinion). In ambulatory patients, experts presume that the more signs and symptoms of active fungal proliferation, the more likely treatment with drugs whose effect is to inhibit fungal proliferation may be of benefit to the patient. Although expert opinion varies as to the most relevant factors to judge severity, commonly used indicators include the presence of any 1 of the following: weight loss of >10%, intense night sweats persisting for >3 weeks, infiltrates involving more than half of 1 lung or portions of both lungs, prominent or persistent hilar adenopathy, anticoccidioidal CF antibody titers in excess of 1:16, inability to work, or symptoms that persist for >2 months [60] . Such criteria for treatment have not been subjected to scientific study, and some practitioners in the endemic area treat with antifungal agents in patients with less severe disease. Although the duration is not certain, most experts would recommend treatment from 3 to 6 months or longer, depending on the clinical response.
For patients with concurrent diabetes [67] or who are otherwise frail because of age or comorbidities [65, 68, 69] , we also recommend initiating antifungal treatment. Some experts would also include African or Filipino ancestry as indications for treatment [70] .
Antifungal Treatment Options
Of the several commercially available oral azole antifungal drugs, fluconazole has become the most frequently prescribed for uncomplicated coccidioidal pneumonia because it is predictably well absorbed, has fewer drug interactions, and is least expensive when compared to other azole options. No clinical studies exist to guide the optimal dose or duration of fluconazole or other antifungal therapy for persons with primary pulmonary coccidioidomycosis.
If treatment of early uncomplicated coccidioidal infection is instituted, the usual dose for adults is 400 mg daily. Some experts would recommend 800 mg daily. The duration is not certain, although many experts would recommend a treatment duration ranging from 3 to 6 months or longer, depending on the clinical response. Treatment can be discontinued when the patient's signs, symptoms, and inflammatory markers have resolved, and serologies and radiographs have stabilized. Complete serological resolution is not necessary to discontinue medications. Whether or not antifungal therapy is initiated, all patients will benefit from other elements of a management plan as discussed next. 
Evidence Summary
There is no published evidence that periodic reassessment, patient education, or physical reconditioning improves patient outcomes. Nonetheless, the authors believe that establishing an etiologic diagnosis of primary coccidioidal infection is of great help to the patient because it clearly identifies the nature of the illness and allows the practitioner the opportunity to explain what may happen in the future. A general review of acquisition, the typical symptoms, and the need or lack of need for antifungal treatment may be helpful to put the patient's experience in a more general and knowledgeable context. Patients should understand that they cannot transmit the infection to others, that the illness improves at different rates in different patients, and that the overall prognosis is good, even in those with slow resolution. This conversation helps patients align their expectations with the natural history of the illness. Although the prognosis is generally favorable for most patients, it is important to explain some of the infrequent but possible complications, both pulmonary and extrapulmonary. Worsening respiratory symptoms should prompt reevaluation, and new focal symptoms outside of the chest should be noted and, if they persist, be brought to medical attention. Regular follow-up over several months following diagnosis is an important component in the management of uncomplicated coccidioidal infection. The purpose of follow-up is to confirm that the illness remains uncomplicated and that more specific interventions are unnecessary. Additionally, residual pulmonary abnormalities may remain, which should be documented for future reference so that a patient with residual radiographic abnormalities is not unnecessarily evaluated in the future. In rare instances, coccidioidal infections and lung neoplasms have coexisted and this should be considered during the follow-up period.
The interval between medical visits varies according to the severity of the symptoms and the course of infection up to the point of diagnosis. If the symptoms of an untreated patient are still worsening, frequent follow-up visits or telephone contact on a weekly basis might be appropriate as continued worsening may prompt reconsideration for instituting antifungal therapy. On the other hand, if there is clear evidence of improvement, then a return visit might be appropriate in 2-4 weeks. After the initial 2 or 3 visits, the intervals between visits typically range from 1 month to several months. By 2 years, patients who received no antifungal therapy for their uncomplicated coccidioidal infection can be considered resolved [54, 55] . However, in some patients who have received oral azole treatment, extrapulmonary lesions have first become apparent several years after treatment was discontinued.
Several clinical and laboratory findings are helpful to assess the course of infection. Generally, systemic signs of fever, night sweats, and weight loss are the first to abate as a coccidioidal infection improves [63] . Respiratory symptoms of chest pain, cough, and sputum production may be more protracted [63] . Periodically, fatigue and an inability to resume normal activities are some of the last symptoms to resolve [63] . Because this is commonly a chronic process, patients may fail to see changes in these symptoms from day to day, and only when asked to compare their current state with 1 week or 1 month earlier do they become cognizant of their improved course. A symptom journal may help patients recognize their progress.
Laboratory studies are helpful in providing objective evidence of improvement. Erythrocyte sedimentation rate, often elevated with early coccidioidal infections, is an inexpensive measure of systemic inflammation and can be used to monitor improvement [54, 55] . Typically, this assay would not be measured any more frequently than weekly. In contrast, procalcitonin levels are typically not elevated in primary coccidioidal pneumonia [71] . Also, the CF or quantitative IDCF antibody concentration is expected to decrease as a coccidioidal infection resolves, and it is important to demonstrate this. Changes in titer are especially helpful if the previous specimen is rerun concurrently with a new specimen. If these results do not normalize as expected, then concern should be raised that complications may be developing and possibly further diagnostic studies would be in order. Repeated serologic testing should seldom be any more frequent than every 2 weeks and usually ranges from 1 month to several months between tests.
Chest radiographs should be repeated to demonstrate either resolution of all pulmonary abnormalities or to document what residual abnormalities persist. Early in the course of infection, the interval may be as frequent as several days until symptoms or radiographic findings demonstrate abnormalities to be stable or improving. Subsequent chest radiographs should be obtained every several weeks to every several months. Often 2 views of the chest are sufficient to monitor progress, and the increased sensitivity of CT scans is not usually needed as the patient improves.
Protracted fatigue is a frequent symptom of primary coccidioidal infection and often persists for many patients as their major complaint long after all evidence of active infection is gone. In patients who are normally healthy and unfamiliar to chronic debility, the fatigue they experience frequently is exacerbated by frustration and even depression about their inability to conduct their normal activities of daily living. In such situations, medical release from work, school, or other patient obligations is justified.
At some point, fatigue, initially a direct symptom of the infection, becomes a deconditioned state that remains after the active infection has resolved. In such patients, referral to a physical therapist for assessment and treatment for the diagnosis of "generalized weakness secondary to primary coccidioidal pneumonia" can have a very positive therapeutic effect. By involving a physical therapist, patients are able to transfer their uncertainty about how to make themselves better to a professional trained in reconditioning protocols. In addition, this structured program, with periodic assessment of progress, provides patients with tangible signs of improvement. Normally, reconditioning programs are useful if continued for several weeks or months, depending upon how long the deconditioned state had been sustained. Once there is confirmation that a pulmonary nodule is due to coccidioidomycosis, we recommend no antifungal treatment for an asymptomatic pulmonary nodule due to coccidioidomycosis (strong, very low).
The primary goal must be to exclude the diagnosis of malignancy, in an asymptomatic patient with a solitary, noncalcified, pulmonary nodule [72] . It cannot be assumed that a pulmonary nodule is due to coccidioidomycosis without proof. A pulmonary nodule can be diagnosed as due to coccidioidomycosis if it develops from a pulmonary infiltrate that has been demonstrated as coccidioidal pneumonia or when a biopsy has demonstrated granuloma with spherules. In most cases, a solitary pulmonary nodule due to coccidioidomycosis represents a stable granulomatous scar and does not represent an active infectious process. Typically, the patient will have no symptoms of clinical illness related to such a nodule, and there is only a remote chance of progression to an active lesion that would cause symptoms. There is no benefit to treating a patient with such a lesion [73] , and there is a potential risk of toxicity from the medication. Observation without antifungal therapy is recommended for an asymptomatic solitary pulmonary nodule, due to coccidioidomycosis, in a patient with no known immunosuppressing conditions. In developing the differential diagnosis of such a nodule, consideration should be given to the patient's age, smoking history, and history of residence in or travel to areas endemic for coccidioidomycosis. Comparison to prior chest radiography or CT scans when available is extremely helpful in assessing whether a nodule is new or old, and whether it is stable, enlarging, or regressing.
A noncalcified solitary pulmonary nodule that cannot be proven to be stable for at least 2 years, or diminishing in size, should be considered to be a potential malignant lesion [74] . A full medical history should be obtained, with social history to include history of smoking, occupational history, and prior residence and travel history. If not already done, a CT scan is helpful to assess for additional pulmonary lesions or abnormal intrathoracic lymphadenopathy. If the nodule is at least 8-10 mm in diameter, a positron emission tomography (PET) scan is often used to assess for increased metabolic activity in the nodule [72, [75] [76] [77] . Importantly, there may be considerable overlap in terms of metabolic activity, between a malignant pulmonary nodule and a granuloma due to coccidioidomycosis [78, 79] . It is not unusual to find a new pulmonary nodule, with increased metabolic activity on PET scan, due to coccidioidomycosis, yet with no clinical history of any recent respiratory infection or coccidioidal illness.
Serologic testing for coccidioidomycosis is not usually helpful in the evaluation of an asymptomatic solitary pulmonary nodule. A negative serology does not rule out coccidioidomycosis as the cause for the nodule [73, 80] . Although highly suggestive that the nodule may be the result of a coccidioidal infection, a positive serology is not sufficient proof regarding the etiology of the nodule. A reagent is now available that allows skin testing for coccidioidomycosis [81] . A positive skin test will confirm that a patient has had coccidioidal infection in the past. However, similar to serologic testing, a positive skin test cannot be considered proof that a pulmonary nodule is due to coccidioidomycosis, and a negative skin test does not rule this out.
The final decision is whether to observe the nodule without histologic confirmation or whether to obtain tissue. This e124 • CID 2016:63 (15 September) • Galgiani et al decision needs to factor in all of the preceding informationnamely, risk factors for malignancy, age, and general health status, and findings on CT and/or PET scan. A solitary pulmonary nodule with little or no increase in metabolic activity on PET scan, in a patient with low risk of malignancy, may be followed with careful serial imaging to document stability for a period of at least 2 years [72, 75] . Similarly, a solitary nodule in a patient with low risk of malignancy, in association with a positive serology and an antecedent history of a respiratory illness consistent with a recent coccidioidal infection, might also be followed. These approaches are particularly common for individuals residing in areas endemic for coccidioidomycosis, and are less likely to be acceptable in other regions where coccidioidomycosis does not occur.
Many solitary pulmonary nodules are accessible to CT-guided percutaneous needle biopsy [72, 75, 76] . This technique has generally been found to have excellent yield in terms of providing a specific diagnosis [72, 75, 82, 83] . The spherule form of coccidioidal organisms can often be identified on histologic examination of the specimen [82, 83] . A pathologic interpretation of a needle biopsy showing a granulomatous response without spherules should not be considered a conclusive diagnosis of coccidioidomycosis. Including fungal cultures of biopsy material increases the diagnostic yield of needle biopsies. In the event of a nondiagnostic needle biopsy, it may be necessary to proceed to surgical excisional biopsy; this can typically be done with VATS [72, 75] . The present guidelines would apply to a patient whose biopsy leads to a conclusive diagnosis of coccidioidomycosis.
There are patients who appear to have a solitary pulmonary nodule, but further evaluation reveals a slightly more complex situation. The chest CT scan may show the presence of several or multiple, tiny satellite nodules, or parenchymal granulomatous infiltrate in a limited area around the primary nodule. PET scan may show an area of increased metabolic activity larger than the visible, discrete nodule. Histologic examination of a needle biopsy or surgical excisional biopsy specimen may show a fine, granulomatous infiltrate in the vicinity of the known, more discrete nodule. These findings suggest that the nodule is not yet a simple granulomatous scar, and that the patient is still earlier in the natural history of acute coccidioidal pneumonia. These patients should be followed closely for signs of active coccidioidomycosis. In such patients, serologic testing for coccidioidomycosis is appropriate, for staging and to establish a baseline for follow-up, as discussed elsewhere in this guideline.
IV. For Patients Who Have an Asymptomatic Coccidioidal Cavity and
Without an Immunosuppressing Condition, Should an Antifungal Drug Be Used? Recommendation 7. We recommend against the use of antifungal therapy for patients with an asymptomatic cavity (strong, low).
Evidence Summary
Coccidioidal pneumonia is relatively unique in that as part of the pulmonary infection there is occasionally a complete shelling out of the infected tissue and a thin-walled cavity remains as a residuum in 5% of cases by some estimates [84, 85] . Most commonly, a coccidioidal cavity is just a few centimeters in diameter; however, occasionally they can be quite large. These cavities are often multiple; even when one is dominant, others may be visible on chest imaging. In a patient who is asymptomatic and not immunosuppressed, there is little rationale to support medical treatment. By definition, if the patient is asymptomatic there is no opportunity for clinical improvement. One rationale could be that if antifungal treatment is administered early, a cavity may close. Unfortunately, there is no evidence in the literature that this is the case, and clinicians who have used antifungal treatment in this setting do not report much success. As a result, we recommend that no medical treatment be given in such cases. The existence of a coccidioidal cavity may predispose to secondary problems, and periodic follow-up observation is recommended. Usually, periodic plain radiographs of the chest are adequate for monitoring asymptomatic patients. If these cavities are very large or are adjacent to the pleura, they may rupture, but this complication is surprisingly infrequent and there is no evidence that antifungal treatment would prevent this. Rupture of cavities is a greater concern when the cavitation is part of an acute necrotizing pneumonia, but at the later stage of an asymptomatic thin-walled cavity, rupture is very rare. Other complications include superinfection with bacteria or other fungi. 
Chronic coccidioidal pneumonia is also known as chronic fibronodular pneumonia or fibrocavitary pneumonia depending on the amount of fibrosis and/or cavitation present. It usually includes at least some cavitation. Clinical trials have defined this complication in infections that are of at least 3 months' duration. Current therapies do not eradicate Coccidioides species from the lesions of chronic coccidioidal pneumonia, and, in that sense, they are not curative. However, symptoms usually wax and wane. As a result, these patients are often chronically ill with sputum production, chest discomfort, and occasional episodes of intermittent hemoptysis. They often have some systemic symptoms as well, including weight loss, fatigue, and other vague symptoms. When cavities are present, they also have an increased risk of complications such as superinfection with bacteria or fungi, which can form fungus balls (mycetoma) within the cavity. Mycetoma can be the result of superinfection with other fungi such as Aspergillus species. However, in some cases fungus balls are due to Coccidioides species [86] .
In a randomized double-blinded comparison of fluconazole 400 mg daily to itraconazole 200 mg twice daily, the clinical response after 8 months of treatment was approximately 55% [27] . Although not adequately powered to assess superiority, response rates between the 2 regimens for chronic pulmonary infections were comparable and were similar to results in earlier phase 2 trials of both drugs [28, 32] . Some experts recommend higher doses of fluconazole; however, there is no evidence that higher doses are more effective. Treatment courses should be continued for at least 1 year and, in some cases, longer. Even with such protracted durations of treatment, experience from all of the studies suggests that symptoms recur in approximately 30% of patients upon discontinuation of this treatment.
Because AmB is administered intravenously and is often accompanied by significant side effects, we recommend that AmB be reserved for patients who do not respond to azoles or in patients whose illness is so severe that it requires management in an intensive care unit. Because of the possibility of bacterial superinfection, some patients who do not respond to antifungal treatment may also benefit from antibacterial therapy.
Not addressed in the above discussion is a published description of a newly identified presentation of coccidioidal infection as a progressive infiltrative process with virtually no cavitation in 2 young women with STAT1 mutations [15] . The infiltrate progresses extensively into both lungs over a period of years despite very aggressive and appropriate antifungal therapy. Management of this very unusual clinical presentation should include referral for genetic evaluation. . We recommend that surgical options be explored when the cavities are persistently symptomatic despite antifungal treatment. We recommend that surgical options be considered when cavities have been present for more than 2 years and if symptoms recur whenever antifungal treatment is stopped (strong, very low).
Early literature indicates that approximately half of coccidioidal cavities close within 2 years of the initial infection [84] . It is therefore recommended that surgical resection be avoided for this period. After a cavity has been documented to be present for >2 years, surgical options seem more appropriate with persistent or recurrent symptoms. The question of surgical options usually arises when cavities are large, near the pleural surface, and cause pleuritic pain, chronic symptomatic infection, or frequent or severe hemoptysis. When cavities are seen as part of an acute necrotizing pneumonia and are near the pleura, they may rupture, causing empyema. However, cavities in the setting of chronic coccidioidal pneumonia are quite different. In a setting of chronic pneumonia, the parietal and visceral pleura often fuse, preventing pneumothorax. Fear of rupture should not be a major consideration in chronic cases. If hemoptysis does not respond to medical treatment or is severe, treatment by bronchial artery embolization can be considered a temporizing measure. This procedure has risks including necrosis and spinal ischemia; however, tuberculosis can cause similar tissue destruction with hemoptysis. Published literature about embolization for that condition indicates a significant risk of recurrent hemoptysis after bronchial embolization. There is no literature on bronchial artery embolization in this population; however, the risk of rebleeding can be extrapolated from the tuberculosis literature which creates similar lung destruction. In those patients, the risk of rebleeding is approximately 40%, with half occurring in the first month and the remainder up to 1 year later [87] . 
10
. We recommend that when surgical management of cavitary coccidioidal pneumonia is undertaken, a VATS approach be attempted if the surgeon has significant expertise in VATS (strong, low).
Evidence Summary
From a technical standpoint, starting with a VATS approach on any thoracic procedure poses very limited risks [88] . However, the surgeon must understand the special implications of coccidioidal lung infections. Coccidioidal produces a dense inflammatory response, especially in the acute phase, making dissection near the hilum difficult and occasionally dangerous. The surgeon should recognize if the hilar lymph nodes are densely adherent to the vascular structures in the hilum and, in that case, convert the VATS procedure to a thoracotomy in a controlled fashion to reduce the risk of a major vascular injury. Wedge resection can be technically difficult due to the thickness of the lung surrounding the cavity, which is often more pronounced than it appears on radiographic imaging. There may be satellite nodules fibrosis and scarring of the affected lobe into the hilum, which may mandate anatomic resection (lobectomy). Large cavities or those with extensive surrounding inflammation create a very dense pulmonary parenchyma and are likely to be too bulky to be removed through a small VATS incision. If that is the case, it may be more appropriate to start with a thoracotomy. e126 • CID 2016:63 (15 September
11
. For patients with ruptured coccidioidal cavity, we recommend prompt decortication and resection of the cavity, if possible (strong, very low). If the pleural space is massively contaminated, decortications combined with prolonged chest tube drainage may be more appropriate (weak, very low).
Evidence Summary
Literature on management of ruptured coccidioidal cavities consists of isolated case reports and small series [84, [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] .
If the pleural space is not massively contaminated, removal of the ruptured cavity is recommended. This will require at least a wedge resection. Approximately one-third of ruptured coccidioidal cavities present with simple spontaneous pneumothorax, with the remainder having hydropneumothorax or frank empyema [97, 98] . Wedge resection can be technically difficult due to the thickness of the lung surrounding the cavity, which is often more pronounced than it appears on radiographic imaging. There are often satellite nodules, fibrosis, and scarring of the affected lobe into the hilum. Cunningham and Einstein [92] reported the largest series of ruptured cavities in the literature; 8 of the 21 patients required lobectomy due to either the size of the cavity or the intense surrounding inflammation. For the experienced VATS surgeon it is reasonable to attempt resection via VATS, with an understanding of the limitations of the procedure. The majority of the literature, with the exception of the 3 most recent publications [96] [97] [98] , is from an era prior to the common use of VATS for complex procedures; even for these newer publications, VATS was a relatively recent innovation and indications for utilizing VATS were in flux. Therefore, there is little evidence either for or against the use of VATS. From a technical standpoint, there is very little disadvantage to starting with a VATS approach on any thoracic procedure; however, the surgeon should be ready to convert to thoracotomy when technical difficulties related to inflammation are encountered.
In patients with delayed presentation and significant pleural contamination, resection of the cavity may not be technically possible. In that situation, extensive decortication should be performed to allow maximal reexpansion of the remaining lung. This may be achieved by VATS, but if the lung cannot be fully expanded, the procedure should be converted to a thoracotomy. Regardless, multiple chest tubes are often needed for chronic drainage [92] . The cavity and empyema generally resolve over time with extended pleural drainage and antifungal therapy. Sometimes if a dominant cavity is resected using a parenchyma-sparing strategy, one of the daughter cavities enlarges and becomes as large as the one resected.
12.
For patients with ruptured coccidioidal cavities, oral azole therapy is recommended. For patients who do not tolerate oral azole therapy or patients whose disease requires 2 or more surgical procedures for control, intravenous AmB is recommended (strong, very low).
Evidence Summary
The largest series of patients with ruptured coccidioidal cavities was published in 1982 [92] . In that report, patients treated early in the disease course with only spontaneous pneumothorax or minimal pleural contamination had excellent clinical results without any antifungal therapy. Those with more complex pleural disease and risk factors such as delayed presentation, diabetes, other medical problems, and inability to completely resect the gross disease were treated with AmB, usually 0.5-1.0 mg/kg/day. In the recent literature, nearly all patients with ruptured cavitary disease received oral azole therapy, most commonly fluconazole, at least 400 mg/day [97, 98] . There is no objective evidence defining appropriate dose or duration of therapy following surgery. Common practice is for patients with an apparently successful postoperative course to receive 1-3 months of oral azole therapy and those with more complicated postoperative courses to receive a year or longer [98] . 
13
. We recommend antifungal therapy in all cases of extrapulmonary soft tissue coccidioidomycosis (strong, moderate). 14. We recommend oral azoles, in particular fluconazole or itraconazole, for first-line therapy of extrapulmonary soft tissue coccidioidomycosis (strong, moderate). 15. We recommend intravenous AmB in cases of azole failure, particularly in coccidioidal synovitis (strong, moderate).
Evidence Summary
Soft tissue coccidioidomycosis can be divided into skin lesions, subcutaneous abscesses, and distant soft tissue sites. Cutaneous granulomatous lesions represent the most benign form of coccidioidal dissemination. Subcutaneous soft tissue abscesses are rare but can occur. Osteomyelitis often masquerades as a soft tissue abscess. Generally, needle aspiration is used as both a diagnostic and therapeutic modality. Incision and drainage is usually unnecessary except in very large lesions. Other soft tissue sites such as extrathoracic lymph nodes, peritonitis, epididymitis, and prostatitis are usually treated in a similar fashion to cutaneous and subcutaneous abscesses. There are no trials comparing AmB with oral azole therapy. AmB is effective and has been recommended for patients with widespread, rapidly progressive lesions or immunocompromised states [60, 99] . For most patients, oral azoles have become the treatment of choice due to lower toxicity and convenience of administration. Prospective trials of azole therapy for skin and soft tissue coccidioidomycosis report response rates ranging from 25% to 91%. Relapse rates ranging from 60% after 45 days of therapy, to 11% after 12 months, have been reported [100] . In a retrospective series, relapse occurred in 6 of 17 patients with skin disease treated with fluconazole or itraconazole, the majority of whom had concomitant pulmonary coccidioidomycosis [39] . Fewer data exist to evaluate newer azoles. Posaconazole has been used successfully in cases of disseminated nonmeningeal coccidioidomycosis that previously failed to respond to other azoles, AmB, or both [101, 102] , as well as a few cases with minimal prior treatment [26] . Voriconazole has been reported to be successful in some patients who failed to respond to fluconazole [103] . Due to high relapse rates, at least 6-12 months of therapy is recommended regardless of the treatment chosen.
The recommended dose of fluconazole is 400 mg daily [30] , although some panel members would use up to 800 mg daily. The recommended dose of itraconazole is 200 mg twice daily [30] . 
16
. We recommend azole therapy for bone and joint coccidioidomycosis, unless the patient has extensive or limbthreatening skeletal or vertebral disease causing imminent cord compromise (strong, low). 17. For severe osseous disease, we recommend AmB as initial therapy, with eventual change to azole therapy for the long term (strong, low).
Evidence Summary
The joints most commonly infected by Coccidioides species include knee, wrist, and ankle. Bone infection most frequently involves the vertebral column, sometimes with extension to the adjoining soft tissues in the form of paraspinal or epidural abscess [104] . There are no trials comparing AmB with oral azole therapy. Patients with vertebral disease in older published series were mostly treated with AmB, sometimes with an azole concurrently or subsequently (Table 1) . A review of published trials of azole therapy alone for coccidioidomycosis found success rates of 52%-85% in patients with skeletal infections [109] . Most of the included studies did not specify the number of patients with bone vs joint infection, or the location of the bone disease. Some of the patients had also been treated with AmB. AmB has been recommended, based on expert opinion, for lesions located in critical areas such as the vertebral column [60] . In a more recent retrospective series including 28 patients with skeletal disease, AmB was used as initial therapy in 17 patients, only 1 of whom was judged to have clinical failure. Eight patients were treated initially with azoles, with 3 judged to have poor clinical response and switched to AmB. Of the 8 patients with vertebral involvement, only 1 patient was treated with an azole alone, with success [39] . In the most recent series of patients with vertebral disease, only 20 of 39 received AmB, but limited data on outcomes and relapses were available [5] .
A randomized double-blind trial of 400 mg fluconazole daily compared with 200 mg itraconazole twice daily for nonmeningeal disseminated coccidioidomycosis demonstrated that neither agent was superior to the other overall. However, a subgroup analysis showed slightly greater efficacy of itraconazole for patients with skeletal infection [27] . This possible advantage of itraconazole must be weighed against its reduced absorption in the setting of gastric acid suppression, and the potential for drug interactions. Fluconazole has also been shown to be effective for skeletal disease [28] . There are no comparative studies of fluconazole at doses >400 mg per day. A few cases of successful treatment of skeletal disease with posaconazole [26, [101] [102] [103] or voriconazole [103] have been reported.
In practice, most panel members use an AmB product initially in severe disease that threatens patient function. If AmB is used, it is usually for a relatively brief time (≤3 months). It is commonly given daily initially, particularly in the hospital setting. Subsequent outpatient therapy is usually thrice weekly. Most patients are then treated with an azole for a protracted period of 3 years to lifetime depending on the severity of disease and the immunocompetence of the host. The recommended minimum dose of fluconazole is 800 mg daily (based upon its apparent inferiority to itraconazole at 400 mg daily [27] 
Disseminated coccidioidomycosis infection can sometimes lead to focal infections of the vertebral column or its associated structures [110] [111] [112] [113] . These tend to occur in patients who have had protracted delays in diagnosis or who have active disease that is failing to respond to medical therapy. All segments of the spine are vulnerable and can produce a variety of symptoms, including pain and neurological dysfunction [114, 115] . Patients with axial pain, tenderness, paravertebral muscle spasm, radiculopathy, or myelopathy in the context of a coccidioidomycosis infection should be evaluated for spinal involvement.
Indications for Surgical Intervention
When vertebral or paravertebral involvement is identified in the context of medically refractory coccidioidal disease, a consultation from a spine surgeon should be obtained. There are 4 typical reasons to seek a surgical opinion:
1. Bony destruction without instability: Surgical treatment may be necessary to debride necrotic or damaged tissue in order to optimize the impact of medical therapy. This may prevent progression of bony destruction and avert future surgery for stabilization. 2. Bony destruction with instability: Mechanical failure of the structure of the spine may place the spinal cord or nerve roots at risk and therefore may necessitate surgical stabilization. 3. Spinal cord or nerve root compression: Early or evolving signs of compression of the neural elements should be considered a surgical emergency. The role of surgical decompression for established deficits is unclear, particularly if present for more than a few hours. 4. Significant sequestered paraspinal abscess: It may be impossible to regain medical control of an infection when a large abscess is present without surgical or interventional radiologic intervention.
Timing of Surgical Intervention
Back pain is intense and precedes neurological symptoms by several days or weeks. In the early stages, intervention is usually elective at the discretion of the surgeon. Urgent intervention is indicated for signs of nerve root or spinal cord dysfunction, especially if the symptoms are progressing rapidly [104] .
Selection of Surgical Procedures
There are several treatment options that can be valuable in the management of vertebral coccidioidomycosis of the spine. The choice of treatment strategy must consider the nature and extent of the infection, the symptoms, the patient's comorbidities, and the experience of the surgeon.
1. Immobilization: Discitis and paravertebral spasm tend to be extremely painful problems that are exacerbated by all manners of movement. External brace immobilization with a cervical collar for the neck or a thoracolumbosacral orthosis brace for the thoracolumbar spine can be helpful to diminish pain and immobilize the involved segment during concurrent medical therapy. This option can be used in patients with isolated discitis and pain only. Imaging surveillance and close clinical observation are necessary at frequent intervals (perhaps weekly MRI) to ensure that any disease progression is detected early.
Minimally invasive: Coccidioidal abscesses in the muscle
and epidural space tend to be more liquid than their bacterial counterpart. For this reason, they are often amenable to image-guided needle aspiration. Needle aspiration is rarely needed to establish a diagnosis but can be therapeutic if adequate aspiration is achieved. 3. Surgical debridement: A range of surgical approaches can be used to accomplish debridement of the spine. The optimal approach depends on the specific segment of the spine, the structures involved, and the comfort level of the surgeon. Intraoperative findings' correlation to preoperative imaging is important to avoid retained infected bone or soft tissue. The operative microscope may be useful to inspect the surgical bed following debridement. Aggressive surgical debridement is essential. Although coccidioidal infections are similar to bacterial infections, the antifungal therapy options are generally less effective for coccidioidomycosis than antibiotics are for a bacterial infection. To optimize medical therapy, surgical debridement should be extensive as safely possible while maintaining spinal neurologic and structural integrity to optimize medical therapy.
4. Anterior surgical approach: An anterior approach is appropriate when confronting an infection confined to the disc space or vertebral body. The anterior approach is familiar to most spine surgeons and poses less morbidity to the patient in terms of muscle manipulation and wound healing. Most patients tolerate anterior cervical surgery and retroperitoneal lumbar spine surgery extremely well. The entire disc and surrounding bones should be removed even if complete corpectomy is required. 5. Lateral surgical approach: Access to the vertebral column from T3 to L3 can usually be obtained through a lateral approach. A traditional thoracotomy or VATS can expose the T3 through L2 segment from either side. A lateral retroperitoneal approach can be used to access L1 through L4. There are anatomical challenges when approaching from both the left and the right that the surgeon should consider. If complete vertebral destruction is present, a corpectomy should be performed and the ventral epidural space and thecal sac should be exposed. 6. Posterior surgical approach: A posterior approach can be used for any segment of the spine and would usually be employed to decompress an epidural abscess. Decompression of a ventral epidural abscess in either the cervical or thoracic spine via a posterior approach alone should be performed with great caution. It is unlikely that a laminectomy would result in destabilization of the spine unless substantial vertebral body destruction coexists. Posterior approaches are typically more painful due to muscle dissection and have a higher risk of poor wound healing and wound infection. Posterior approaches typically require transgression of large muscle groups and therefore, require longer recovery. Dorsal incisions are also prone to infection and poor wound healing in patients who must remain recumbent after surgery, due to direct pressure on the wound and less effective wound care. 7. Posterolateral surgical approach: The utility of a posterolateral approach is limited to the midthoracic region (T3-T8). A variety of modifications to this approach may offer subtle advantages but, in general, the vertebral body, lateral vertebral elements, and the ventral, lateral, and posterior epidural space can be accessed. As with posterior approaches, muscle dissection and longer incision length contribute to postoperative morbidity. 8. Surgical stabilization: The destructive nature of a coccidioidal infection and the subsequent surgical debridement of the infection can render the spine structurally unstable. While instability is unlikely to occur in the thoracic spine, the cervical and lumbar segments are particularly vulnerable. Cervical instability poses a risk to the spinal cord while lumbar instability threatens the lumbosacral nerve roots and bowel and bladder function. 9. Stabilization by fusion substrate: The goal of surgical stabilization is to reestablish the structural integrity of the spine.
A mature bony fusion provides a durable and physiologically dynamic support system that both protects the neural structures and decreases mechanical pain. Autologous bone can be harvested from the iliac crest or the ribs to be used as graft material. The use of the patient's own tissue is probably the best option whenever possible. Collateral medical illness, however, can impact the quality of the bone. The patient's general medical condition can also affect the duration of the fusion maturation process.
Cadaveric allograft is an acceptable substitute for autologous graft. This tissue is devoid of living cells and is comprised of the mineral structure of bone. Premanufactured allograft implants are available in a variety of shapes and dimensions. They often combine both cortical and cancellous elements. Because they are fairly rigid, cadaveric manufactured grafts may be more likely to subside than other implants.
There are numerous artificial implant devices for supplementation of fusion in degenerative or traumatic spinal instability. They are constructed from a wide array of nonbiological substances such as metal, carbon graphite, silicon nitride, coral, ceramic, poly ethyl ketone, and others. The long-term implications of their use in the setting of a chronic disseminated coccidioidal infection are unknown. Because they are nonbiological in nature, they likely act as a foreign body immunologically and may provide a nidus for ongoing infection if seeded during the implantation process or thereafter.
Several substances that promote bone growth are available to supplement the fusion process. There are no specific contraindications to the use of tricalcium phosphate derivatives or bone morphogenic protein. These substances have been used in the presence of bacterial spondylitis without adverse consequences. 10. Stabilization with instrumentation: Metallic hardware instrumentation is a common adjuvant to spinal fusion surgery. Spinal fixation with hardware establishes immediate internal orthosis and thus, immediate protection of the neural elements. There are no known specific contraindications to the use of hardware implants in the setting of a coccidioidal infection. Complete sterilization prior to hardware implant is desirable but not a practical expectation.
Based on the variety of hardware devices available, titanium constructs are probably the best option. Titanium offers a biologically inert option that is ultra-structurally smooth so as not to provide a surface for adherence by organisms.
Imaging Surveillance
Imaging evaluation is an essential part of all phases of the perioperative management of coccidioidomycosis of the vertebral e130 • CID 2016:63 (15 September) • Galgiani et al column [111, 116, 117] . Accurate imaging data support both the surgical decision making, and long-term surveillance [104] .
1. CT of the spine provides the best information regarding bone involvement. Visualization of the extent of bone destruction is needed to plan the surgical approach and to optimize placement of hardware fixation. CT also provides the best assessment of postoperative fusion progress and integrity, taking into account limitations induced by implanted hardware. 2. MRI is the best modality to evaluate the associated soft tissues of the vertebral structures [118] . The disc spaces and abscess collections are best seen with MRI. 3. Plain radiographic images are useful to access the stability of the spine both before and after surgery. They are also helpful to evaluate the hardware construct and spinal alignment during the healing process. Plain films alone are often insufficient to determine the integrity of a bony fusion, particularly adjacent to hardware components. 
Evidence Summary
Lymphohematogenous spread to the leptomeninges almost always occurs within weeks to months following the initial untreated lower respiratory infection and frequently involves areas of the basilar, sylvian, and interhemispheric cisterns [119] . Because untreated meningitis is nearly always fatal [120] [121] [122] , early diagnosis and initiation of therapy is important to prevent death and many of the complications that ongoing meningeal inflammation produces. Headache is nearly always produced by CM, but it is also a common (21%) symptom in uncomplicated primary coccidioidal pneumonic disease [123] . This creates the conundrum of when to perform a lumbar puncture. If the headache is modest in severity and dissipates in approximately a week, a lumbar puncture is not required. If the headache is the predominant symptom or is consistent, persistent, and progressive, lumbar puncture is required. In contrast, unless signs or symptoms of CNS involvement are present, even in patients with other identified sites of dissemination, routine analysis of CSF is unnecessary [52] . Other common presenting symptoms in patients with CM are altered mental status and unexplained vomiting [120] . In the absence of symptoms, CM is unlikely [52] .
Coccidioidal diagnosis requires laboratory analysis of CSF. Abnormal CSF is the hallmark of all meningitis, and normal findings from analysis of lumbar fluid in a patient with neurologic complaints essentially eliminates meningitis as the cause. The CSF appearance and laboratory findings for CM are characteristic of other chronic CNS meningitides (eg, tuberculosis and cryptococcosis). The opening pressure should always be measured if technically feasible. The CSF should be submitted for differential analysis of the cells, glucose, protein, fungal culture, coccidioidal antibodies by immunodiffusion and/or complement fixation, and coccidioidal antigen [50] (as well as studies for other differential diagnoses such as cryptococcal and tubercular disease) [124, 125] .
It is possible in individuals with a relatively short illness prior to presentation and a constellation of relatively normal glucose and protein on CSF analysis to confuse chronic meningitis with aseptic (viral) diagnoses.
Typically, the pleocytosis is in the range of double digits to hundreds, but occasionally thousands. The differential usually shows a lymphocytic predominance, but may have a neutrophilic predominance, especially early in the course of the illness [120] . Eosinophils, while not commonly present, are an important clue to diagnosis, though not specific to coccidioidal infection [126] . The protein may be normal or moderately elevated, but is commonly >150 mg/dL. The glucose may be normal, but is commonly depressed to less than one-half to two-thirds of the fasting blood sugar value (nondiabetic). A positive CSF culture if positive for Coccidioides species is diagnostic. However, the sensitivity in adults is low (approximately 25%). In children, when the clinical presentation is unexplained hydrocephalus, initial ventricular cultures are commonly positive [127] . The presence of immunodiffusion or CF IgG antibody performed in an experienced laboratory is nearly as specific, but again, lacks sensitivity; only 30%-60% are positive initially. The diagnosis is most commonly made by the presence of the abovementioned clinical and CSF parameters and the presence of IgG antibody by immunodiffusion or complement fixation in the serum.
The diagnosis may be further supported by neuroimaging, preferably by gadolinium-enhanced MRI. At the time of initial diagnosis, approximately 50% of patients with CM may have a discernible abnormality including hydrocephalus, basilar inflammation, basilar vasculitic infarction, or, more rarely, abscess or mass lesion. A negative CT or MRI result does not exclude CM [119, 124, 128, 129] .
To reemphasize, patients with CM, as with other sites of extrapulmonary infection, may develop with few or no signs and symptoms of a respiratory illness. Therefore, in patients with recent endemic exposure who develop the symptoms described above, the possibility of CM should always be considered.
In patients with CM, especially if there has been a protracted delay in diagnosis, several neurologic findings may develop. For example, cranial neuropathies and focal neurologic abnormalities may develop. Difficulties with balance and tandem gait are commonly seen [129] . Also, arachnoiditis with or without syringomyelia along the spinal cord may develop. This may result in spinal pain, myelopathy, incontinence, neurogenic bladder, or erectile dysfunction. The preferred evaluation for these abnormalities is contrast-enhanced MRI of the appropriate portion of the spine [129] . Although it is possible that most individuals with CM have inflammation of the cervical, thoracic, and lumbar arachnoid, neuroimaging of the spinal meninges is seldom performed unless clinical symptoms of arachnoiditis are present.
XIV. For Patients With Newly Diagnosed CM, What Is the Primary Treatment?
Recommendation 22. For CM, we recommend fluconazole 400-1200 mg orally daily as initial therapy for most patients with normal renal function [125, 129] (strong, moderate). There is no role for a dose <400 mg daily in the adult patient without substantial renal impairment. Some experts prefer to use itraconazole 200 mg 2-4 times daily, but this requires closer monitoring to assure adequate absorption, and there are more drug-drug interactions than with fluconazole.
Evidence Summary
Only 2 classes of available drugs have demonstrable efficacy in the treatment of CM: polyenes and azoles. With the introduction of the oral azoles, fluconazole has become the most commonly utilized primary therapy. In one report, doses of 400 mg daily (the maximum dose per package insert) were utilized. During the course of this study, failures were noted [31] . Subsequent experience has suggested that higher doses may decrease the failure rate. Opinion varies on whether to give an initial daily dose of 400 mg or doses of 800-1200 mg every 24 hours. Itraconazole has also been used as primary therapy for CM, usually as 200 mg every 12 hours, with fatty food and an acidic beverage to increase absorption [34] . Direct comparison in an animal model of CM indicated modest superiority of equal doses of itraconazole compared with fluconazole [130] .
Intravenous AmB deoxycholate was not shown to be efficacious in treatment of CNS coccidioidal infection. The lipid preparations of AmB administered intravenously have been effective in the treatment of CM in animal models [131] [132] [133] . Occasionally, human cases have been reported to be responsive, but utility in treatment of clinical cases is presently unclear. Use of AmB is currently reserved for treatment of refractory cases.
Intrathecal AmB deoxycholate was the original gold standard of therapy and can be administered by a variety of techniques. Direct lumbar and cisternal injection as well as lumbar, cisternal, and ventricular reservoirs have been utilized. Currently, intrathecal AmB is commonly utilized as rescue therapy in azole failures. It is usually given in centers with special expertise because of the toxicity associated with this form of therapy [134, 135] . Therapy is often initiated with low doses that are gradually increased unless untoward symptoms and signs of toxicity are encountered. If the disease begins to remit, de-escalation can be attempted [135] . 
It must be noted that azole therapy alone appears to suppress rather than cure coccidioidomycosis meningeal disease, even in patients who are clinically well and may have normalized their CSF parameters on azole therapy. The evidence for this is the extremely high relapse rate when azoles are reduced in dose or discontinued in such patients. This has led to a recommendation to continue azole therapy for life in patients with CM who achieve remission and do not deteriorate on treatment [129, 136] .
XVI. In Patients With CM Who Do Not Have a Satisfactory
Response to Initial Antifungal Therapy, What Modifications Can Be Considered?
Recommendation
24.
In patients who clinically fail initial therapy with fluconazole, higher doses are a first option (strong, moderate). Alternative options are to change therapy to another orally administered azole, or to initiate intrathecal AmB therapy (strong, moderate).
Evidence Summary
A combination of clinical, CSF, and potential radiographic parameters obtained on a regular basis should be used to define antifungal treatment success and failure. CSF parameters are the most important variable. The best definitions of treatment success and failure available are those promulgated by the Mycosis Study Group [31] , which has evaluated response to treatment in patients with CM. The definition of response was a decrease in baseline score by 40% without relapse while treatment was continued. Essentially, one should achieve near-normal clinical and CSF results. This is unachievable in a reasonable time period for a significant minority of patients. In this circumstance, clinicians should consider alternative therapy.
If low-dose fluconazole (400 mg orally daily) was the original treatment option, increasing the dose to 800-1200 mg daily should be considered [31] . The largest experience for a drug other than fluconazole is with itraconazole [34] . Recently, voriconazole in varying doses has been tried in primary treatment failures. Doses of 200 mg or 4 mg/kg every 12 hours with no food 1 hour pre-and postdose have been utilized [137, 138] . The liquid formulation of posaconazole (400 mg orally every 12 hours) has been recommended as a possible treatment option in fluconazole failure [139] . A newer tablet formulation of posaconazole appears to have greater and more reliable absorption [140, 141] but as of this writing, has had no reports in the treatment of CNS disease.
It is advisable to monitor antifungal drug levels in all patients with CM, but particularly if itraconazole, voriconazole, or posaconazole are used. This is largely to assure therapeutic serum levels, but voriconazole is also associated with increased risk of neurologic and hepatic toxicity at high serum concentrations. It is very important to monitor patients' medication for drug interactions. All azoles have significant potential drug interactions that can lead to toxic blood levels of many other drugs, or can depress the levels of the azoles to a subtherapeutic range. The azoles themselves have some side effects and allergies that can be problematic. The package inserts should be consulted prior to initiation of therapy, particularly for the drugs to be avoided or dosemodified.
Itraconazole occasionally causes significant sodium retention and has a "black box" warning for negative inotropic effect. Voriconazole can produce visual and other neurologic side effects, periostitis, and-more importantly-severe photodermatitis and possibly related cutaneous malignancy including melanoma. It is essential for patients to avoid the sun, wear sun-protective clothing, and use sunscreen formulated for superior ultraviolet A and ultraviolet B blockage. QTc prolongation by voriconazole and posaconazole is a problem in patients with low potassium, calcium, or magnesium and may result in tachyarrhythmias. These electrolyte abnormalities should be corrected before starting these antifungals.
If the patient fails to respond to one of the azoles in situations with threatening neurologic signs, a rescue regimen of intrathecal AmB as described previously (section XVI) is the regimen of choice. If failure occurs as unresponsive CSF parameters of the infection or minor neurologic signs, raising the azole dose or switching to another azole may be attempted [53] . recommend medical therapy and repeated lumbar punctures as initial management (strong, low). 26. Because most patients who develop increased ICP will not resolve this problem without placement of a permanent shunt, we recommend early MRI of the brain and neurosurgical consultation (strong, moderate).
Increased ICP may be present early during the course of disease. Pressures of 180-250 mm H 2 O are concerning, but do not require specific intervention. Pressures ≥250 mm H 2 O define the need for urgent or emergent intervention [123, 135] . It should be noted that there may be few or no radiographic changes associated with acute increased ICP. Acute, increased, and potentially reversible hydrocephalus is unusual in patients with CM, and there are no trials or reports on how to manage this problem in the coccidioidal literature. However, management of this problem is well described in the cryptococcal literature [142] and our recommendations follow that experience. The pressure should be lowered by removal of CSF in a volume sufficient to reduce the pressure to 50% of the opening pressure or 200 mm of H 2 O, whichever is greater. This should be repeated at least daily for 4 days until the pressure stabilizes to <250 mm H 2 O. If medical therapy with azole antifungals and repeated lumbar punctures fail to stabilize the pressure, lumboperitoneal or other shunting procedures need be explored with neurosurgery.
Hydrocephalus is the most common complication of CNS coccidioidal infection. Approximately 40% of individuals will have this complication at presentation or will acquire it during the course of their disease. The symptoms of hydrocephalus overlap with those of meningitis, thus creating confusion of the one entity as it relates to the other. Typically, headache, alteration in sensorium, gait abnormality, urinary incontinence, and nausea and vomiting are seen in some combination.
A contrast-enhanced MRI should be undertaken in all patients with CM at presentation or shortly thereafter, in part to evaluate for the presence of hydrocephalus. Any change in mental status, nausea and vomiting, cranial neuropathy, incontinence, or gait disturbance would prompt a repeat neuroimaging study. Ventriculomegaly (not the result of cerebral atrophy) and transependymal edema are hallmarks of acute hydrocephalus. Imaging also helps to distinguish communicating from noncommunicating hydrocephalus [119, 125, 128, 129, 143, 144] . Lumbar puncture may be suggestive of the diagnosis of hydrocephalus by virtue of the increased opening pressure.
It should be noted that ventricular fluid pressure may be normal in CM and this finding alone should not be used to exclude the diagnosis of meningitis. Given the low risk of a lumbar puncture when hydrocephalus is present, this evaluation should be undertaken as part of the collaboration with neurosurgical consultation.
Hydrocephalus can be the presenting manifestation of the disease as well as a late complication [125] . This is not surprising considering that it is the most common complication of CM, with a high incidence of up to 40% [128, 143] . After dissemination of Coccidioides species to the meninges, a granulomatous and suppurative inflammation causes fibrosis of the subarachnoid space to a varying degree in some areas, which may result in the obstruction of CSF flow and ventricular dilatation [145] . Thus, hydrocephalus may be complication of past active meningeal infection even though current therapy is effective in arresting ongoing inflammation, or it may be a sign of treatment failure, especially when present as a late-onset complication [125] . A communicating hydrocephalus commonly develops following fibrosis of the basilar cisterns, and additional scarring of the outlet foramina of the fourth [146] . These complications are nearly always irreversible and are not helped by changing antifungal drug treatments.
In an asymptomatic patient with CM who has radiologic evidence of hydrocephalus, medical treatment alone should be continued with serial imaging obtained every 3-6 months until stability has been determined. However, in the presence of typical symptoms that reflect increased ICP, placement of a ventriculoperitoneal shunt is very likely to be necessary. Furthermore, symptomatic hydrocephalus may cause worsening of chronic meningitis symptoms or new symptoms associated with increased ICPs (eg, nausea, vomiting, headaches, confusion, neurological deficits, and papilledema). In the presence of such symptoms, the physician should suspect hydrocephalus and should proceed aggressively as this may carry as high as a 12.5-fold increased mortality in patients with CM [128] .
Symptomatic hydrocephalus associated with CM is a complication that merits prompt intervention. Not only is early treatment important for alleviating the symptoms accompanying increased ICP, but it is also vital for decreasing the aforementioned substantial mortality associated with hydrocephalus. Placement of an external ventricular drain (EVD) should be considered as a temporizing measure to control elevated pressure. An EVD provides a means to measure ICP, obtain CSF for serial analysis, and drain CSF to decrease ICP. It is unlikely that the typical patient with CM would achieve CSF sterility with an EVD. There are a variety of shunt systems that can be used to definitively divert CSF, including both set pressure valves and adjustable valves. There is no evidence in the literature to suggest superiority of one type of system over the other. Some neurosurgeons are reluctant to perform shunting when the CSF is actively infected. Although there may be some theoretical validity to this concern, there is no real evidence that expeditious shunting imposes undue risks. The dangerous effects of prolonged increased ICP greatly exceed the theoretical potential of an infectious nidus at the end of the catheter. 
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. We recommend that patients with ventriculoperitoneal shunt malfunction be replaced in a single procedure. When the shunt has developed a bacterial or other superinfection, we recommend that the infected shunt be removed and a replacement placed at a subsequent time as a second procedure (strong, low).
Evidence Summary
Patients with CM and a ventriculoperitoneal shunt who exhibit new or changed mental status alteration, nausea and vomiting, or gait abnormality need to be evaluated for shunt failure, which may or may not be associated with superinfection by bacteria or other microorganisms. A rational approach in a patient who is hemodynamically stable is to perform lumbar puncture to assess for CM or other bacterial infection and measure opening pressure to indirectly assess shunt function.
A shunt tap to sample the CSF for infection as well as to evaluate the patency and function of the shunt apparatus can be considered, taking into account the possibility of introducing a shunt infection or causing a malfunction with this intervention. In most cases, bacterial shunt infections should be treated with shunt removal and placement of an EVD until CSF has been sterilized. Thereafter a new shunt can then be placed. With organisms of low pathogenicity or if Coccidioides species is the only organism involved, a single-stage approach (removal of the shunt with simultaneous reimplantation with a new shunt) can be considered [147, 148] . Exploration of the nonfunctioning shunt is done by evaluating proximal and distal flow intraoperatively so that revision can be tailored to the particular area of failure. In some instances, the shunt can be completely replaced if the failure is due to clogging secondary to highly proteinaceous fluid.
A rare complication of Coccidioides species is an isolated fourth ventricle, which may result from recurring shunt infections or chronic shunting of the lateral ventricles in the setting of fungal hydrocephalus. Endoscopic aqueductoplasty, stenting of the cerebral aqueduct, or placement of a dedicated fourth ventricular as part of a ventriculoperitoneal shunt system may be considered an appropriate intervention should this relatively rare complication arise [149] . 
Occasionally, patients develop new neurologic problems while on a management regimen that initially had resulted in improvement. New neurologic problems may be due to drug failure, in which case the CSF findings demonstrate increased leukocyte count and lower glucose and the MRI may or may not have worsened in the degree of abnormality. Ventricular fluid is not useful for this evaluation because it is frequently less representative of disease activity [150] . Frequently, however, neurologic worsening is the result of other processes. One common complication is spinal fluid shunt malfunction. Management of this problem is addressed in the sections above. Another type of complication is cerebral vasculitis. The incidence of vasculitic infarction has not been systematically studied. Clinical presentations are clearly less common. At least 2 pathologic etiologies are described. Clinically, these present as a stroke syndrome. The diagnosis rests on the clinical presentation and radiologic confirmation [151] [152] [153] . Some authorities recommend dexamethasone 20 mg daily for 7 days followed by a 4-mg taper every other day (total 16 days). Others recommend supportive care and reevaluation of the meningitis treatment plan [151, 152] . The evidence for the management of vasculitic infarction is anecdotal. The concern over the use of glucocorticoids is largely that they might decrease the host response.
Another possible complication is a cranial neuropathy. This could be due to progressive inflammatory destruction of a cranial nerve as indicated by persistent or worsening CSF abnormalities or, alternatively, due to pressure from fibrosis that results from prior inflammation. The primary approach is to gain control of the disease through medical management. The treatment of cranial neuropathy with corticosteroids is anecdotal. Such use of glucocorticoids is patterned after treatment of tubercular meningitis [154] [155] [156] .
A third type of complication is that of arachnoiditis and the development of a syrinx. The evaluation of arachnoiditis and syrinx is by contrast-enhanced MRI. There are no clear studies on how to manage coccidioidal arachnoiditis or syrinx. If prevention fails, the best treatment of arachnoiditis and its sequelae are prevention through early diagnosis and aggressive antifungal therapy to control the infectious process. When appropriate, pain management may be required. Intrathecal AmB (with or without attendant glucocorticoids) may provide faster relief than oral azoles. Intrathecal AmB may be technically impossible or ineffective in advanced arachnoiditis [135] . A CSF flow study is always required when initiating intrathecal therapy to be sure drug reaches blocked subarachnoid areas. To control disease, it may be necessary to instill drug above and below areas of blockage. Low-dose short term oral glucocorticoids may provide pain relief. The treatment of syrinx may include surgery including shunting to relieve local pressure.
A very uncommon but well-recognized complication is the development of a brain abscess [157] . Because of its rarity, there is no consensus on the best management of coccidioidal brain abscess. As these lesions are not within the meninges, intrathecal AmB would be expected to be ineffective, and possibly intravenous AmB would be more useful [124] . There is very little information on the value of fluconazole or other azoles. Also, the role of surgery is conjectural, but by extrapolation from knowledge about treatment of other fungal CNS abscesses, it would appear to have a useful role, particularly in larger lesions. solid organ transplant recipients with acute or chronic pulmonary coccidioidomycosis who are clinically stable and have normal renal function, we recommend initiating treatment with fluconazole 400 mg daily or the equivalent dose based upon renal function (strong, low). 30. For the treatment of such patients with very severe and/or rapidly progressing acute pulmonary or disseminated coccidioidomycosis, we recommend the use of AmB until the patient has stabilized, followed by fluconazole (strong, low). 31. For autologous or allogeneic HSCT or solid organ transplant recipients with extrapulmonary coccidioidomycosis, we recommend the same treatment as for non-transplant recipients (strong, very low).
RECOMMENDATIONS FOR MANAGEMENT OF PATIENTS WITH COCCIDIOIDOMYCOSIS FOR
Evidence Summary
No randomized controlled studies exist for the treatment of coccidioidomycosis in organ transplant recipients. Currently, 83 cases of coccidioidomycosis in the setting of renal, liver, heart, lung, and small bowel transplant have been published, consisting of single case reports and small case series, spanning >50 years (1960-2012) [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] [171] . Of these cases, 79 contain sufficient details of treatment and outcome (Table 2) . Caution must be taken in its interpretation, because the table does not stratify for disease severity, presence and location of dissemination, net state of immunosuppression, comorbidities, and other factors that impact treatment outcome.
In the absence of comparative clinical trials, 2 primary antifungal treatment strategies have emerged. The first is the initiation of AmB (or lipid-associated AmB) with concurrent or sequential use of an azole, resulting in survival of 34% and 83%, respectively. The concurrent use of AmB and azole may be pursued either when the infection is severe or when toxicities of treatment limit consistent dosing of AmB. Alternately, the azole may be initiated when the infection is stabilized to limit long-term AmB-related toxicity.
The other antifungal treatment strategy is the use of azoles alone, which among 21 reported cases has a cumulative reported survival of 87% (Table 2) . AmB has numerous toxicities, and lipid formulations of AmB have been widely accepted to minimize renal toxicities, especially in the renal transplant population. No trials comparing AmB and lipid-associated AmB have been conducted for the treatment of coccidioidomycosis in transplant recipients. Because AmB has been reserved by some experts for severe or rapidly progressing infection [60] , the poorer survival outcomes tabulated in Table 2 reflect the bias of more severe illness rather than less effective treatment. Conversely, azoles are associated with less overall toxicity, but all azoles interfere with the clearance of calcineurin inhibitors, and the latter require dosage adjustments when initiating azoles to avoid renal toxicity (see below). The available information regarding the optimal use of antifungal treatment in the transplant population is complex for many reasons: (1) Immunosuppression regimens have changed since the introduction of organ transplantation decades ago; (2) there is marked variability in the net state of immunosuppression of the patient at the time of disease presentation; (3) patients had multiple comorbidities and treatments, all of which are uncontrolled; (4) no consistent information regarding the withdrawal or lowered dose of immunosuppression is provided; (5) a spectrum of coccidioidal illnesses are represented, ranging from fulminant and lifethreatening infections to minimally symptomatic disease, which likely influenced the choice of treatment; (6) the duration and doses of treatment are not standardized and some died early in treatment course; (7) the follow-up time is not standardized; (8) the influence of antifungal medication toxicity on outcome is not specified; (9) the introduction and incorporation of azoles in the antifungal treatment armamentarium occurred in the absence of controlled trials; (10) publication bias is likely present; and (11) there are no randomized comparisons.
There are fewer studies or publications for the treatment of coccidioidomycosis in autologous or allogeneic HSCT; to date, among allogeneic HSCT recipients, 15 cases have been published [172] [173] [174] . This paucity of published cases may be explained in part by standard receipt of variable, but often prolonged antifungal prophylaxis. Four of 15 allogeneic HSCT recipients had disseminated coccidioidomycosis, one of which was diagnosed postmortem. Nine of the 15 cases were fatal. Four of 5 were treated with AmB as a single antifungal agent and only the patient with pulmonary coccidioidomycosis survived following a cumulative dose of 1 g AmB deoxycholate. Two other patients received combined AmB and voriconazole (1 of 2 died) and another received sequential AmB and voriconazole (died). Two of 6 patients treated with azoles alone died.
All azoles inhibit cytochrome P 450 3A4 (CYP3A4), the enzyme responsible for the metabolism of many common antirejection medications including the calcineurin inhibitors (cyclosporine and tacrolimus) and sirolimus [175] . Among the azoles, fluconazole is the weakest CYP3A4 inhibitor. Azole-inhibited CYP3A4 function appears to be dose dependent and more pronounced at fluconazole doses of ≥200 mg daily [176] . Cyclosporine, tacrolimus, and sirolimus are all substrates of CYP3A4 and substrates and inhibitors of the active transporter p-glycoprotein, resulting in potentially complex drug interactions in transplant recipients. The addition of azoles to cyclosporine, tacrolimus, or sirolimus commonly leads to elevated serum levels of the antirejection medication; the amount of interaction is influenced by the particular medication used and individual patient variability [175] . Therefore, close therapeutic drug monitoring is a useful adjunctive test to inform the decisions regarding antirejection medication doses. Suggested antirejection dosage reductions in concomitant azole therapies have been published [175] . with severe or rapidly progressing coccidioidomycosis, we recommend reduction of immunosuppression (without risking graft-vs-host disease or organ rejection, respectively, whenever possible) until the infection has begun to improve (strong, very low).
The primary goal of immunosuppression in organ transplantation recipients is the avoidance of allograft rejection, which results from a complex process that includes both cell-mediated and humoral-mediated immunity. Current antirejection treatment achieves immunosuppression by depleting lymphocytes, diverting lymphocyte traffic, or blocking lymphocyte pathways [170] . The amount of immunosuppression given to prevent rejection declines over time after transplantation, and maintenance doses are used. Increasingly potent immunosuppression combinations have reduced the incidence of allograft rejection, but the susceptibility to opportunistic fungal and other infections remains high due to these specific and nonspecific immune impairments [177, 178] . The control of active coccidioidomycosis relies on the induction of Th1-associated immune responses, which include processing and presentation of critical antigens by dendritic cells and macrophages, inducing T lymphocytes to produce interferon-γ and other cytokines, which subsequently signal, recruit, and activate effector cells [179, 180] . These complex activities are blocked by antirejection therapies [181] . Transplant recipients are thus at increased risk for extrapulmonary dissemination and mortality [158, 182] . There is one case report of a kidney transplant recipient with severe coccidioidomycosis who did not achieve control of his infection with antifungal agents (eg, AmB) alone, but did improve clinically upon withdrawal of immunosuppression [183] . Impaired lymphocyte responses were documented prior to withdrawal of immunosuppression; complete withdrawal of immunosuppression in conjunction with continued AmB resulted in improved lymphocyte responses and an adequate clinical response [183] . It is the uncontrolled observation of one author that transplant recipients who have severe coccidioidomycosis and who are not responding to antifungal therapy alone may benefit from reduction (without complete withdrawal) of immunosuppression to obtain a favorable outcome of the infection [182] .
In the allogeneic HSCT recipients, the goal of immunosuppression is the avoidance or treatment of graft-vs-host disease. There is no information in the literature regarding the experience or efficacy of decreasing the dosage of immunosuppressive agents in these patients when infected with coccidioidomycosis. However, in the absence of such information, for an allogeneic HSCT recipient whose coccidioidomycosis has not responded to antifungal agents, the risks and potential benefits of a reduction in the immunosuppression should be considered. we recommend that suppressive oral azole treatment be continued to prevent relapsed infection (strong, very low).
Several authors have published case reports or small case series of relapsed or reactivated coccidioidomycosis (often with extrapulmonary dissemination) after the discontinuation of antifungal treatment [159, [184] [185] [186] [187] . Although the risk of relapse is not known, in these reports, 2 of 9 [188] , 2 of 4 [27] , 1 of 4 [184] , and 4 of 4 [185] patients stopped antifungal agents after the resolution of their infection; 6 of the 9 who stopped their prophylaxis relapsed with coccidioidomycosis. Because of this apparent risk of relapse, treatment should be continued indefinitely or until withdrawal of all antirejection medications. Following complete clinical, radiographic, and serological resolution of uncomplicated pulmonary infection, some authors have continued the suppressive treatment with a lower azole dose [189] (eg, fluconazole 200 mg daily), which has successfully prevented such relapse in this limited group of patients [159, 182, 186, 188] . That said, some members of the guideline committee were strongly opposed to a fluconazole dosage reduction <400 mg daily under any circumstances. There are no data to guide the choice of ongoing suppressive treatment, and medication efficacy, cost, and the patient's tolerance of the medication will need to be considered. For many patients requiring ongoing suppressive treatment, fluconazole is acceptable. Among allogeneic HSCT recipients, only 7 of 15 published cases survived initial treatment of coccidioidomycosis [174] . One patient received a cumulative dose of 1 g AmB deoxycholate for pulmonary coccidioidomycosis, and survived. No further suppressive treatment was provided, and no relapsed coccidioidal illness was observed [190] . In contrast, 4 of 5 survivors in a series of 11 HSCT recipients received coccidioidomycosis long-term suppressive antifungal treatment; none of the 5 had a relapse of coccidioidomycosis [174] . 
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Evidence Summary
BRMs are agents derived from biologic production systems that target and modify key components of the immune system. These include TNF antagonists (infliximab, adalimumab), anti-B-cell therapy (rituximab), interleukin (IL) 1 receptor antagonists (anakinra) and antibodies (canakinumab), IL-6 antibody (tocilizumab), IL-12/IL-23 antibody (ustekinumab), and soluble inhibitors of T-cell activation such as abatacept. Infliximab and adalimumab have been shown not only to inhibit TNF-α, but also to cause apoptosis and cell death of T cells and monocytes [191] . Treatment with BRMs is beneficial in rheumatologic and other autoimmune diseases but is associated with an increased risk of infection including endemic fungal infection. Three retrospective studies reviewed coccidioidomycosis in patients with inflammatory arthritis [192, 193] . In the first cohort, 11 of 985 (1%) patients developed symptomatic coccidioidomycosis; the risk of symptomatic coccidioidomycosis in patients treated with infliximab was higher compared to those without infliximab (relative risk, 5.23 [95% confidence interval, 1.54-17.71]; P < .01) [192] . In the second cohort, 16 of 854 (1.9%) patients developed symptomatic coccidioidomycosis; of 121 patients treated with infliximab, the incidence of coccidioidomycosis was 2% and 12% at 1 year and 5 years, respectively [193] . A third cohort included 44 patients who developed coccidioidomycosis while taking disease-modifying antirheumatic drugs (methotrexate, azathioprine, or leflunomide) and/or BRM (infliximab, etanercept, adalimumab, or abatacept) for rheumatologic disease. Twenty-nine patients had pulmonary coccidioidomycosis, 9 had disseminated disease, and 6 had positive serologic tests but no symptoms. Most patients had their immunosuppressive medication discontinued at least temporarily, and almost all were treated with antifungal therapy, most commonly fluconazole 400 mg daily, for a median of 12 months. After a median of 30 months of follow-up, 33 (75%) patients had continued or resumed their immunosuppressive therapy, and half of them were no longer taking antifungal therapy. There were no cases of subsequent dissemination or development of severe coccidioidomycosis [192] . Additional evidence is needed on the management of coccidioidomycosis in this population, particularly patients who are asymptomatic with positive serologies. For patients with severe disease who would be candidates for AmB therapy, there is no evidence to suggest the management should be different in this population than in other hosts.
XXIV. What Is the Preferred Method for Management of Pregnant Women With Coccidioidomycosis and Their Neonates?
Recommendations During Pregnancy 35. The development of symptomatic coccidioidomycosis during pregnancy should prompt consideration of starting administration of antifungal therapy (strong, moderate). For women who develop initial nonmeningeal coccidioidal infection during pregnancy, their management depends on fetal maturity. 36. For women who develop initial nonmeningeal coccidioidal infection during their first trimester of pregnancy, intravenous AmB is recommended (strong, moderate). Other options include no therapy with close monitoring (weak, low), or an azole antifungal after educating the mother regarding potential teratogenicity (weak, low). After the first trimester of pregnancy, an azole antifungal, such fluconazole or itraconazole, can be considered (strong, low). A final alternative would be to administer intravenous AmB throughout pregnancy (weak, moderate). 37. For women who develop CM during the first trimester of pregnancy, intrathecal AmB is recommended (strong, moderate). After the first trimester and in cases where disease is diagnosed after the first trimester, an azole antifungal, such as fluconazole or itraconazole, can be prescribed (strong, low). 38. Among women with a history of prior coccidioidomycosis who are not currently on therapy, the risk of reactivation is low and antifungal therapy is not recommended (strong, moderate). For such women, close follow-up, including obtaining coccidioidal serologic testing at the initial visit and every 6-12 weeks throughout pregnancy, should be performed (strong, moderate). 39. For women with nonmeningeal coccidioidomycosis on antifungal therapy who become pregnant while infection is in remission, azole antifungal therapy may be discontinued with clinical and serological monitoring every 4-6 weeks to assess for reactivation (weak, low). An alternative to this, especially if the coccidioidal infection is not clearly in remission, is to stop azole antifungal therapy and start intravenous AmB during the first trimester, changing back to an azole antifungal after the first trimester (strong, low). 40. For the pregnant woman with CM who is on azole antifungal therapy at the time of pregnancy, azole therapy should be stopped for the first trimester to avoid the risk of teratogenicity (strong, moderate). During this period, one approach is to initiate intrathecal AmB, especially if meningeal signs and symptoms are present (strong, moderate). Azole antifungal therapy may then be restarted during the second trimester (weak, low) or intrathecal AmB continued throughout gestation (weak, low). An alternative approach is to continue azole antifungal therapy throughout, provided that the mother agrees to this approach after being educated regarding the risks and benefits of this strategy (weak, low). A final alternative for the pregnant woman with CM is to stop the azole antifungal, monitor the patient closely during the first trimester, and restart azole antifungal therapy during the second or third trimester (weak, very low). Because of the risk of relapse with this approach, some experts do not recommend it. 41. The development of a febrile pulmonary illness during pregnancy in a woman residing in the coccidioidal endemic region or with an appropriate travel history should be evaluated for active coccidioidomycosis, including obtaining a chest radiograph and coccidioidal serology and cultures (strong, moderate).
Recommendations for Neonates 42. We recommend against coccidioidal serologic tests for infants during the first 3 months of life. Positive tests should be interpreted with caution during the first year of life (strong, moderate). 43. Empiric therapy with fluconazole at 6-12 mg/kg daily is recommended for infants suspected of coccidioidomycosis and should be continued until the diagnosis has been ruled out (strong, low). 44. Breastfeeding is not recommended for mothers on azole antifungals other than fluconazole (strong, moderate).
Evidence Summary
The issues surrounding coccidioidomycosis during pregnancy have recently been reviewed [19] . Pregnancy has been found to be a major risk factor for the development of symptomatic and severe coccidioidomycosis. The risk is highest later in pregnancy, particularly the third trimester and immediately postpartum. The treatment of coccidioidomycosis during pregnancy is complicated by the observation that azole antifungal therapy appears to have been teratogenic in a small number of cases. At least 5 instances of congenital craniosynostosis and skeletal abnormalities have been observed in infants born to mothers receiving high-dose fluconazole early in pregnancy [194] . The US Food and Drug Administration issued a warning in August 2011 that long-term, high doses (400-800 mg/day) of fluconazole could be associated with birth defects in infants whose mothers were treated during the first trimester of pregnancy. The warning does not mention concern for treatment beyond the first trimester. Animal data indicate that these abnormalities may occur with all azole antifungals, particularly voriconazole, and appear during early gestation [195] , so that azole antifungal therapy after the first trimester is likely safe. AmB has been shown to be safe and effective for coccidioidomycosis during pregnancy [196] , but its use is limited by its restriction to intravenous administration and significant toxicity.
Recent studies indicate that there is little or no risk for prematurity or fetal wastage among pregnant mothers with coccidioidomycosis [197] . There are numerous reports of placental infiltration with coccidioidal spherules without subsequent neonatal infection, suggesting that transplacental infection is rare. However, neonates have developed active pulmonary coccidioidomycosis soon after birth. Aspiration of infected amniotic fluid or vaginal secretions is the presumed mechanism of transmission. The development of severe unexplained lower respiratory tract disease or distress in an infant born to a mother who has a diagnosis of active coccidioidomycosis could suggest coccidioidomycosis in the newborn. Positive coccidioidal serology in newborns occurs passively, may not indicate active infection, and may persist up to the first year of life [198] . The American Academy of Pediatrics has indicated that breastfeeding while receiving fluconazole, but not other currently approved azole antifungals, is likely safe for the newborn [199] . is not recommended (strong, moderate). 51. Although data are lacking, pediatric patients with HIV infection and coccidioidomycosis should be managed in a manner similar to adult patients (strong, very low). 52. Initiation of potent ART should not be delayed because of the concern about coccidioidal immune reconstitution inflammatory syndrome (IRIS) (strong, low).
All the above recommendations are based on the assumption that the patient has been prescribed potent ART, which is strongly encouraged.
Early in the HIV epidemic, coccidioidomycosis was found to be a major opportunistic infection in the areas of coccidioidal endemicity [200] . Since the advent of potent ART, the incidence of clinically apparent coccidioidal infection and the severity of disease encountered decreased dramatically. This appears to be due directly to immune reconstitution consequent to potent ART [201] . Prevention of coccidioidomycosis in HIV-infected patients by prophylactic antifungal agents is of little benefit [202] . A peripheral blood CD4 + T-lymphocyte count of <250 cells/µL is associated with a lack of coccidioidal cellular immune response and has been associated with a worse outcome, as has a lack of suppression of HIV infection [200, 203] . Use of potent ART is a critical therapeutic element in the management of HIV-infected patients with coccidioidomycosis. All the azole antifungals have the potential for complex, and possibly bidirectional, interactions with certain antiretroviral agents. Guidance regarding these interactions is provided elsewhere [204] . Screening for active coccidioidomycosis among patients with HIV infection living in the coccidioidal-endemic region is appropriate on a yearly basis using serology and chest radiography. A positive tube-precipitin or complement-fixation serologic test suggests true infection. For those with a positive serologic test, secondary prophylaxis with antifungal therapy should be considered even in the absence of clinical illness if the peripheral blood CD4 + T-lymphocyte count is <250 cells/ µL [205] . Because of the low incidence of coccidioidomycosis outside the endemic region, such screening is not likely to be fruitful. There is no consensus regarding the management of HIV-infected pediatric patients who live in the coccidioidal-endemic region. The recommended management is based on data derived from adults [206] . IRIS appears to be rare among HIVinfected patients with coccidioidomycosis [207] [208] [209] 
It has been well established that a history of coccidioidomycosis pretransplantation is associated with a risk of recrudescent disease following organ transplantation [185] . The risk of de novo acquisition of coccidioidomycosis for previously uninfected transplant recipients residing in the endemic area was initially estimated to be low, with only 1 case identified in a series of 72 liver transplant recipients in the endemic area (1.4%) [210] , and 6 cases among 205 kidney transplant recipients (3%) [161] . In a more recent report from the same center, 12 of 391 (3%) liver transplant recipients who were residents of the endemic area (but had no history or serologic evidence of coccidioidomycosis) developed disease after transplantation. In all these series, seronegative patients with no history of coccidioidomycosis did not receive any antifungal prophylaxis. Analysis of numerous patient and transplant characteristics such as nature of immunosuppression, presence of rejection, comorbidities, and other infections failed to identify risk factors for de novo acquisition of coccidioidomycosis posttransplantation. The authors thus concluded that in the absence of a good way to identify vulnerable patients, posttransplant prophylaxis with fluconazole for programs within the endemic region was justified [211] . The dosage of oral fluconazole used for the current prophylaxis of seronegative patients is 200 mg daily. This dose is in contrast to the prophylaxis of seropositive (ie, infected) patients undergoing transplantation, where a 400-mg daily dosage is used. The duration of 6-12 months posttransplant was recommended based on the observation that 8 of the 12 cases occurred during the first posttransplant year. No studies have yet reported on the effectiveness of such a strategy. At the conclusion of the 6-to 12-month posttransplantation prophylaxis period, fluconazole can be stopped. However, because fluconazole administration increases serum levels of calcineurin inhibitors [175] , the levels of calcineurin inhibitors will likely drop when fluconazole is discontinued. Therefore, we recommend close monitoring of such levels and dosage adjustment of antirejection medication following the discontinuation of fluconazole. with Coccidioides serology prior to initiation of biologic response monitor therapy, as well as regular clinical follow-up for new signs and symptoms (strong, very low). We do not recommend regular serologic screening or antifungal prophylaxis in asymptomatic patients taking BRM (strong, very low).
BRMs such as inhibitors of TNF-α seem to increase the risk of coccidioidomycosis and particularly of disseminated disease [13, 185, 193] . However, no studies of primary prevention using azoles or other antifungal therapy have been published. Some rheumatologists in the endemic area obtain Coccidioides serologies regularly on patients taking BRM, but the value of this approach has not been formally evaluated. There is some evidence that patients with asymptomatic positive serologies do well, as discussed above [192] .
MANAGEMENT OF LABORATORY EXPOSURES
Accidental laboratory exposures make Coccidioides the major cause of clinical laboratory-acquired fungal infections [212] . These infections may occur in laboratories outside endemic areas where the etiologic agent is unexpected in submitted specimens. We emphasize here prevention and an approach to a laboratory accident to minimize the risk of exposure to laboratory staff and staff in adjacent areas.
Prevention
There are no randomized trials comparing different procedures that could be undertaken after laboratory exposure. The recommendations that follow are based on expert opinion and consensus, as well as the available literature describing accidental laboratory exposures and relevant animal experiments [20] .
The most important step is preventing such exposures. The primary principle is that no culture of an unknown mold should be opened outside a biological safety cabinet appropriate for containing spore-forming fungi. Coccidioides growth may be visible in 48 hours as gray-white wisps on culture media and later as white-to buff-colored colonies with aerial hyphae. Formation of alternating barrel-shaped arthroconidia can begin as early as within 4 days of initial culture [213] . Healthcare providers who suspect a Coccidioides diagnosis should alert the laboratory to increase the likelihood that proper containment precautions are followed. This is especially important in non Coccidioides-endemic areas where laboratory staff may not suspect the organism.
Risk Assessment
Exposures to Coccidioides range over a continuum of risk. For example, lifting the lid momentarily of a Petri dish of a young coccidioidal culture with a single colony of immature hyphae represents a much smaller risk to exposed personnel than breaking a vessel containing a confluent culture with mature arthroconidia. Risk from a specific exposure is on this spectrum, and can be estimated by examination of the culture near the time of the exposure. This examination may have already occurred before the exposure, or may take place after the exposure if the specimen is available and not obliterated with wet toweling. The development of mature arthroconidia, which pose the highest risk of disarticulation and aerosol formation, takes a few days (dependent on the culture temperature and conditions) of mycelial development. If few such structures are visible microscopically on immature hyphae, the risk of the exposure leading to clinically relevant disease is considerably lower. Large numbers of mature arthroconidia usually develop by 7-10 days of culture. At this stage, the arthroconidia are readily dispersed by air currents as gentle as those generated when removing the lid of a Petri dish [6] . Thus, Coccidioides cultures that have incubated for >7-10 days present the highest risk to laboratory workers after exposure.
Initial Steps After an Exposure
If an exposure occurs, personnel should be evacuated immediately to avoid further exposure of additional laboratory personnel to Coccidioides. The laboratory's designated biosafety officer must be notified, and that individual should notify the appropriate public health and governmental officials. If the laboratory is located within a healthcare facility, the infection preventionist for the facility should be notified immediately as well. Doors to the laboratory should be closed and the exposed room set at negative pressure with respect to adjacent rooms or corridors, if that capability exists. If the air system for the laboratory room results in positive pressure with respect to common hallways or other laboratory areas, the system should be shut down immediately.
Any open windows should be closed. If there is a possibility of an air leak from incompletely sealed windows, their margins can be temporarily sealed with tape, preferably from the outside, if possible. Similarly, if there is a possibility of an air leak surrounding doors, their margins can be temporarily sealed with tape from the outside.
If any fans in the room were on, they should be turned off. If the exposure occurred as a result of a spill or breakage, any liquids, broken glass, other solids, or open containers can be covered with towels and flooded with the laboratory's approved sporicidal detergent [214] . These measures are to allow sufficient time for most airborne arthroconidia to settle; it is best to be cautious and wait 1-2 hours before proceeding with cleanup after the initial evacuation. Signs should be posted to alert personnel that this is a contaminated area they should not enter.
Epidemiological Investigation and Recommendations
The laboratory Biosafety Officer should work with the appropriate public health authorities (and the facility infection preventionist if the laboratory is located within a healthcare facility) to create a line list of individuals exposed. This list should include names, demographic information, contact information, and the type and duration of exposure (according to the information provided in the Risk Assessment section above) for each person exposed [215, 216] .
All exposed persons should undergo baseline testing for coccidioidal antibodies and dermal hypersensitivity to coccidioidal antigens (Spherusol, Nielsen Biosciences, San Diego, California) [217] . A positive result from either test will indicate prior infection, therefore indicating there is very little or no risk of illness from the current exposure.
Management of Exposed Personnel
We recommend that exposed persons have baseline sera obtained promptly and stored for eventual testing for coccidioidal antibody by an experienced laboratory. Currently available commercial coccidioidal skin tests should also be applied [81] . These results will identify persons with prior exposure and these persons will have a lesser risk.
Some experts recommend that all nonpregnant persons deemed to be exposed should be given a therapeutic dose of either itraconazole or fluconazole (400 mg orally daily, for adults) for 6 weeks, as prophylaxis [20] . This recommendation to give prophylaxis in the setting of a laboratory exposure relates to the risks of inhaling, at a short distance from a point source, a possibly artificially large inoculum. The benefits of such a prophylactic approach have not been proven. The risks of a short course of azoles are minimal and the expenses are not great. An exposed pregnant female laboratory worker represents a special case, in that azoles are teratogenic and pregnancy is a high-risk situation for coccidioidomycosis. As always, azole treatment needs to take into account potential drug interactions.
Follow-up of Exposed Persons
Individuals exposed to Coccidioides species in the laboratory should be followed for a minimum of 6 weeks (which includes the incubation period for coccidioidal infection; 1-4 weeks), and consider extended follow-up for several months thereafter depending on the circumstance (eg, immunosuppression or underlying lung disease in the exposed person). Individuals who develop symptoms consistent with coccidioidomycosis should be evaluated by a clinician and the clinician should be made aware of the possible coccidioidal exposure. This ensures coccidioidomycosis is considered in the differential diagnosis and appropriate diagnostic testing is performed.
At the end of the 6-week period following exposure (or longer if deemed appropriate), if no illness suspicious for coccidioidomycosis has developed and if baseline coccidioidal IgG and IgM antibody tests and coccidioidal skin tests were negative, these test should be repeated and compared with baseline testing. If there is no evidence of serologic or skin test conversion, prophylaxis can be discontinued with follow-up as appropriate.
Environmental Remediation
All surfaces in the room and the outside of objects that are needed for continued use should be thoroughly cleaned with the sporicidal detergent: bleach at a 1:10 dilution of the undiluted commercial product in water, or hydrogen peroxide (≥6%) [214] . As with all disinfectants, wetting the affected areas and time of exposure are critical to achieve optimal killing; ≥20 minutes is recommended, though disinfecting can be extended to sterilization and spore-killing if the time of exposure is extended to 6-10 hours. The personnel performing environmental remediation should wear N95 or other appropriate respirators [218] . These personnel should also wear other appropriate personal protective equipment per facility infection control guidelines. Culture materials and other items present in the laboratory at the time of the exposure should be wetted with sporicide, bagged or placed in a covered bucket, autoclaved, and discarded whenever possible. The same procedure should be used for disposing of cleaning materials when possible. Objects (eg, laboratory materials, mop heads) that can be autoclaved and reused should be bagged or placed in a covered bucket, and autoclaved. If an accident occurred in (or near) a biological safety cabinet, it should be set at negative pressure to the room, and the interior decontaminated using paraformaldehyde fumes [219] .
Extensive Exposures Potentially Involving the Entire Laboratory
Coccidioidal arthroconidia are quite hardy and can survive on inanimate surfaces for a long time. If the exposure incident resulted in a major release of arthroconidia into the laboratory outside of a biological safety cabinet, full decontamination of the (sealed) laboratory may be required using paraformaldehyde or hydrogen peroxide fumes. The primary advantage of hydrogen peroxide is that the residual end product (water), after the vapors dissipate, is nontoxic. Heating paraformaldehyde (optimally at 60%-80% humidity) results in gaseous formaldehyde. With paraformaldehyde, 0.3 g per cubic foot of room air is recommended. Chlorine dioxide gas is available to some centers; it is sporicidal as is chlorine, but does not form toxic chloramines. It is generated from a column, in the room, but is light-sensitive. If formaldehyde or paraformaldehyde has been vaporized, the room should remain sealed for at least 3 hours, and then ventilated for 24 hours before the staff returns.
A review with occupational health, building maintenance personnel, and the infection preventionist (if in a healthcare facility) should be pursued to evaluate the likelihood of exposure to persons not present in the room where the exposure occurred. This evaluation should take into account airflow patterns that may not exhaust directly to the exterior of the building. After a coccidioidal exposure occurs, it is desirable to perform a review of the events, and to review laboratory safety training to prevent future occurrences. A periodic drill to review what each person is to do in case of an exposure is important.
The Postexposure Period During the 6 weeks (which includes the incubation period for coccidioidal infection), and probably for some months thereafter, if the persons given prophylaxis develop fever or cough, they should be evaluated by a clinician who is aware of the possible coccidioidal exposure, so that coccidioidomycosis is considered in the differential diagnosis and to ensure that appropriate diagnostic testing is performed.
At the end of the 6-week period after the exposure, if no illnesses suspicious for coccidioidomycosis have developed, testing for coccidioidal IgG and IgM antibody should again be performed, concurrently with some of the baseline serum, for comparative purposes. If there is no seroconversion, prophylaxis can be stopped.
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